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TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES— 
TECHNICAL  AND  COMMERCIAL  EXAMINATION  OF  THE 
PRODUCTS  OF  THE  OIL,  FAT,  AND  WAX  INDUSTRIES. 

I.  Technology  of  Oils  and  Fats  1 

SYNTHETICAL  FATS 

The  “ biochemical  ” synthesis  of  oils  and  fats,  although  carried  out 
by  nature  on  an  enormous  scale,  with  the  aid  of  water,  from  the  lowest 
carbon  derivatives,  such  as  carbonic  dioxide,  aldehyde,  etc.,  does  not 
yet  fall  within  the  purview  of  manufacturing  operations.  Since  the 
supply  of  natural  oils  and  fats  is  well-nigh  inexhaustible,  their 
technical  preparation  by  synthetical  methods  has  no  practical 
importance,  except  in  the  case  of  acetin,  the  triglyceride  of  acetic 
acid  (see  below). 

The  synthetical  methods  for  preparing  triglycerides — including 
those  for  mono-  and  di-glycerides — have  been  described  in  Chapter  I. 
As  the  raw  materials  used  in  all  synthetical  methods  are  the  proxi- 
mate constituents  which  glycerides  yield  on  hydrolysis,  strictly 
speaking  these  methods  cannot  be  termed  synthetical  ones,  as  the 
starting  material  is  actually  the  product  which  it  is  desired  ultimately 
to  obtain.  Hence  all  these  syntheses,  important  though  they  may 
be  when  working  on  a laboratory  scale,  do  not  deserve  further 
attention  from  a technological  point  of  view.  Greater  interest 
would  attach  to  them  if  it  were  possible  to  prepare  fatty  acids 
synthetically  from  a different  raw  material,  such  as  the  hydrocarbons 
which  are  found  in  abundant  quantities  in  natural  petroleum.  The 
problem  would  then  resolve  itself  into  converting  a CH3  group  of 
hydrocarbons,  of  a boiling  point  in  the  neighbourhood  of  300°  C.,  into 
the  carboxyl  group.  Some  promising  attempts  seem  to  have  been 
made  by  the  application  of  Grignard’ s reaction  (conversion  of  hydro- 
carbons by  means  of  metallic  magnesium  into  metallo  - organic 
compounds  and  subsequent  treatment  of  the  latter  with  carbonic 
acid).  Zelinsky 2 has  indeed  succeeded  in  synthesising  acids  con- 
taining up  to  ten  atoms  of  carbon  in  the  molecule,  and  in  preparing 

1 Cp.  Lewkowitsch,  “Problems  in  the  Fat  Industry,”  Journ.  Soc.  Chem.  Ind.  1903,  592. 

‘2  Bericlite  der  deutschen  Chem.  Gesell.  1902,  2687. 
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a di-  and  a tri-octin  from  an  acid  of  the  formula  C8H1402,  by  heating 
it  with  glycerol  to  250°  C.  But  it  should  be  remembered  that  acids 
with  more  than  ten  atoms  of  carbon  show  an  essentially  different 
behaviour  in  chemical  reactions  from  that  of  the  lower  fatty  acids. 

The  preparation  of  glycerides  from  acids  derived  from  hydro- 
carbons by  Grignard’s  reaction  must  not  be  confounded  with  the 
production  of  glycerides  from  naphthenic  acids,  for  these  acids  are 
found  as  such  ready  formed  in  petroleum.  Moreover,  the  glycerides 
obtained  from  naphthenic  acids  have  a totally  different  behaviour 
from  that  of  the  naturally  formed  glycerides,  the  most  characteristic 
difference  being  that  they  are  heavier  than  water,  having  the  specific 
gravity  of  1’008  at  15°  C.  The  acids  themselves  also  differ  totally 
from  the  ordinary  fatty  acids  containing  the  same  number  of  carbon 
atoms  in  the  molecule. 

Aeetine 

Acetine  is  used  as  a solvent  (possessing  certain  advantages  over 
other  solvents,  such  as  alcohol,  etc.)  for  indulin  and  other  colouring 
matters  employed  by  the  calico  printer  as  a steam  colour. 

More  recently  it  has  been  employed  as  an  adulterant  of  pepper- 
mint oil  and  other  ethereal  oils. 

Commercial  “ acetine  ” is  prepared  by  heating  together  glycerin 
and  glacial  acetic  acid  (Vol.  I.  Chap.  I.). 

As  Geitel 1 has  shown,  there  are  always  formed  simultaneously 
triacetin,  diacetin,  and  monoacetin  in  varying  quantities,  depending 
on  the  special  condition  of  each  experiment,  whilst  a certain  amount  of 
glycerol  remains  unchanged.  Furthermore,  the  several  acetins  react 
with  glycerol  to  form  products  of  condensation,  such  as  monoacetyl- 
diglycerol 

C3H5 . (OH)2  - 0 - C3H5 . (0 . C2H30) . OH, 
and  diacetyldiglycid 

0 


and  triacetyldiglycerol 

C3H5 . (0 . C2H30)2C3H5(0C2H30) . OH. 


For  purposes  of  practical  analysis,  however,  it  may  be  assumed 
that  commercial  acetine  consists  of  a mixture  of  diacetin  and  triacetin. 
Besides  these,  the  commercial  preparations  contain  free  acetic  acid 
and  water. 

The  proportions  of  diacetin  and  triacetin  are  found  by  estimating, 
1 Journ.  f.  prakt.  Chemie,  1897  (55),  428. 
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on  the  one  hand,  the  combined  acetic  acid,  and,  on  the  other  hand, 
the  glycerol  by  the  acetin  process  (Yol.  I.  Chap.  VI.).  The  analysis 
is  carried  out  as  follows  : — 

An  accurately  weighed  quantity  of  the  sample  is  neutralised  with 
half-normal  aqueous  potash,  using  phenolphthalein  as  an  indicator. 
Thus  the  free  acetic  acid  is  obtained.  Then  run  into  the  neutralised 
solution  a measured  quantity  of  caustic  soda  of  IT  specific  gravity, 
the  strength  of  which  is  ascertained  by  titrating  with  half-normal 
hydrochloric  acid,  and  boil  for  half  an  hour,  whereby  the  diacetin 
and  triacetin  are  saponified,  the  liberated  acetic  acid  combining  with 
the  caustic  soda.  After  titrating  back  the  excess  of  caustic  soda 
with  half-normal  hydrochloric  acid,  the  number  of  c.c.  of  half-normal 
caustic  soda  used  for  1 grm.  of  substance  is  found. 

A fresh  quantity — about  T5  to  2 grms. — of  the  sample  is  then 
weighed  off  accurately  and  the  glycerol  determined  as  described 
(Yol.  I.  Chap.  YI.).  The  proportion  of  water  is  found  by  difference. 

Suppose  1 grm.  of  the  sample  required  2 c.c.  of  half-normal  caustic 

soda  for  neutralisation,  then  the  sample  contains  = 6 per  cent 

of  free  acetic  acid.  Let  the  number  of  c.c.  of  half-normal  caustic  soda 
required  to  neutralise  the  acetic  acid  formed  on  saponifying  ( combined 
acetic  acid)  in  one  gram  be  20  c.c.,  and  the  percentage  of  glycerol  found 
be  33*3  per  cent.  It  is  convenient  to  calculate  the  combined  acetic 
acid  to  C2H20  (42),  as  the  sum  of  the  percentages  of  C2H20  and  of 
glycerol  equals  the  sum  of  the  diacetin  and  triacetin  in  the  sample.  The 
proportion  of  combined  C2H20  is  20  x 2T  = 42  per  cent.  Let  x and  y 
be  the  percentages  of  diacetin  and  triacetin  respectively,  then  we  have 

a? + ?/ = 42 + 33  *3  = 75 '3 (1). 

One  molecule  of  diacetin,  or  176  parts,  yields  92  parts  of  glycerol; 
one  molecule  of  triacetin,  or  218  parts,  also  yields  92  parts  of 
glycerol ; hence  92a;  92 y n 

176  + 218-33’3 

From  equations  (1)  and  (2)  we  find  x—  60 T 2 and  y = 15T8.  The 
sample  has,  therefore,  the  following  composition  : — 


Diacetin  . 

60 ’12  per  cent. 

Triacetin  . 

15-18  „ 

Acetic  acid 

6-00  „ 

Water  (by  difference) 

18-70 

100-00 

EXTENT  OF  OIL  AND  FAT  INDUSTRIES 

The  raw  materials  of  the  oil  and  fat  industries  are  furnished  by 
the  oils  and  fats  which  have  been  described  in  the  preceding  chapter. 
The  extent  and  importance  of  the  industries  with  which  we  shall 
deal  in  this  chapter  and  the  next  may  be  gathered  from  the  following 
statistical  data ; those  referring  to  the  trade  of  this  country  may  be 
considered  as  being  fairly  complete  : — 

1 Acetic  acid  C2H402  = 60. 
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Imports  into  Germany  of  Fatty  Oils  and  Fats,  1907 


Metric  Tons. 


Cotton  seed  oil 
Tallow  (beef  and  mutton) 

Fish,  liver,  and  blubber  oils 
Oleic  acid  . 

Palm  oil  . 

Olive  oil  . 

Animal  fats  and  waste  fats 
Castor  oil  . 

Cocoa  nut  oil 
Stearin  (stearic  acid) 

Arachis  oil 

Fatty  oils  for  technical  purposes 


23987-3 

21663*8 

20091-1 

14370-0 

13007*5 

4857-5 

4536-7 

3785-0 

3586-4 

1311-4 

735-5 

708-2 


A convenient  classification  of  the  oil  and  fat  industries  may  be 
arranged  under  the  following  three  heads  : — 

A.  Industries  haying  for  their  object  the  refining  of 

OILS  and  fats,  and  their  application  to  commercial 

USES. 

B.  Industries  in  which  the  glycerides  undergo  a chemical 

change,  but  are  not  saponified. 

C.  Industries  based  on  the  saponification  of  oils  and  fats. 

The  industries  dealing  with  waste  oils,  fats,  and  waxes  will  be 
considered  in  Chapter  XVI.,  although  the  operations  practised  in 
these  industries  fall  under  one  or  more  of  the  three  foregoing 
headings. 


A.— INDUSTRIES  HAVING  FOR  THEIR  OBJECT  THE  REFINING 
OF  OILS  AND  FATS,  AND  THEIR  APPLICATION  TO  COM- 
MERCIAL USES. 

The  general  methods  of  refining  and  bleaching  have  been  outlined 
already  in  Chapter  XIII.  Those  methods  which  apply  to  individual 
oils  and  fats  have  been  considered  in  the  foregoing  chapter  under  the 
separate  heading  of  each  oil  and  fat  which  is  purified  on  a com- 
mercial scale.  The  method  of  refining,  and  the  degree  to  which  it  is 
carried,  depend,  of  course,  on  the  purpose  which  the  oils  and  fats  are 
intended  to  serve.  Therefore,  the  methods  must  be  adapted  to  each 
individual  case,  as  has  been  pointed  out  already. 
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I.— EDIBLE  OILS  AND  FATS 

Oils  and  fats  which  are  intended  to  serve  as  food  are  chiefly 
purified  by  physical  methods.  Chemicals  involving  the  use  of 
mineral  acids  must  be  altogether  excluded  from  the  purview  of  the 
refiner,  since  the  mineral  acids,  however  carefully  they  may  be 
removed  by  subsequent  washing,  impart  an  objectionable  flavour  to 
the  products  treated,  thus  rendering  these  useless  for  edible  purposes. 
Alkalis  or  alkaline  earths  are  not  so  objectionable,  and  are  therefore 
used  commercially  for  the  removal  of  free  fatty  acids.  A notable 
example  of  this  kind  is  furnished  by  the  usual  method  of  refining 
cotton  seed  oil.  The  alkalis  and  alkaline  salts  chiefly  employed  in 
practice  are  caustic  soda,  sodium  carbonate,  lime,  and  magnesia. 
Baryta  has  also  been  proposed  (and  patented),  but  its  poisonous 
properties  would  prohibit  its  use. 

As  other  neutralising  agents  there  have  been  proposed  ammonia 1 
and  also  sodium  silicate.2 

In  the  case  of  alkaline  salts  the  stoichiometrically  calculated 
quantities  do  not  suffice  to  convert  the  free  fatty  acids  completely 
into  soaps,  a considerable  excess  of  alkaline  salts  being  necessary  to 
effect  complete  neutralisation.  Frequently  extremely  persistent 
emulsions  are  formed,  the  successful  “ breaking  ” of  which  requires 
great  circumspection  and  experience.  No  general  rule  can  be 
laid  down,  different  oils  and  fats  demanding  different  treatment. 
Frequently  the  application  of  heat  or  addition  of  salt  leads  to  the 
breaking  up  of  the  emulsion,  but  in  either  case  only  the  observation 
of  the  minutest  details  will  assure  success.  The  “ breaking”  of  the 
emulsion  is  also  stated  to  be  effected  by  treating  the  mass  for  a 
short  time  under  steam  pressure,  after  having  admixed  some  carbon 
or  fuller’s  earth  or  “ infusorial  earth  ” to  counteract  the  detrimental 
action  of  air,  heat,  and  pressure.3 

If  lime  is  used  the  emulsion  is  sometimes  so  persistent  that  the 
whole  mass  must  be  evaporated  down  in  vacuo,  when  the  lime  soap, 
on  becoming  anhydrous,  separates  out  in  granular  form,  so  that  it  can 
easily  be  removed  from  the  oil  by  decantation  or,  better  still,  by 
filtration.4  No  excess  of  lime  must  be  used  or  saponification  of  the 
neutral  fat  may  occur.  It  is,  however,  stated  by  Jiissen5  that  if  the 
fats  are  treated  at  about  100°  C.  with  dilute  milk  of  lime,  finely 
pulverised  by  means  of  a steam  injector,  the  free  fatty  acids  only  are 
acted  upon  without  saponification  of  the  neutral  fat  taking  place. 

1 P.  Piek  (Pick?),  German  patent  166,866. 

2 Godard,  English  patent  22,085,  1903. 

3 Fresenius,  French  patent  325,768  ; English  patent  19,171,  1902  ; German  patent 
143,946.  In  a second  patent  (French  patent  354,810,  1905)  the  pressure  is  reduced  to 
1£  atmosphere,  the  temperature  is  kept  at  85°  C.  and  pressure  is  produced  by  an 
indifferent  gas,  carbonic  acid  or  nitrogen  (cp.  English  patent  9105,  1893).  Thus  a 
“preservative ” like  char,  etc.,  is  said  to  be  no  longer  required. 

4 Ruffin,  French  patent  253,417  ; German  patent  90,521,  1897-  Soc.  anonyme  des 
Savonneries  de  la  Mediterranee,  French  patent  327,581. 

5 German  patent  125,993. 
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It  has  been  further  stated  that  under  these  conditions  the  combination 
of  lime  with  fatty  acids  takes  place  with  the  theoretically  required 
quantity  of  lime. 

Neutralisation  by  means  of  magnesia  has  been  proposed  by 
Jeserich  and  Meinert-Biinau.1  This  process  gives  useful  results  in 
certain  cases  (see  “ Vegetable  Butters,”  below). 

It  cannot  be  stated  too  emphatically  that  it  is  not  possible  to 
propound  general  methods  which  are  adaptable  to  all  cases,  and 
that  the  art  of  the  refiner  consists  in  choosing  those  conditions 
which  are  found  by  careful  experiment  to  be  the  most  suitable  in 
each  individual  case.  Since  most  of  the  processes  mentioned  above 
have  been  worked  out  chiefly  for  cocoa  nut  oil  (see  below),  the  very 
large  number  of  publications  claiming  to  effect  successfully  the 
complete  de-acidification  of  oils  and  fats  must  be  read  with  due 
reserve. 

The  physical  methods  imply,  in  the  first  instance,  boiling  with 
water,  or  treating  with  a current  of  finely  divided  steam,  whereby 
volatile  substances,  which  impart  to  the  oils  and  fats  an  unpleasant 
taste  or  odour,  are  removed.  This  process  is  technically  known  as 
“ deodorisation,”  and  was  already  applied  in  1814. 

The  application  of  steam  for  deodorising  was  a distinct  improve- 
ment on  the  process  of  heating  the  oils  and  fats  to  a high 
temperature,  a method  which  appears  to  have  been  proposed  first 
by  Dubrunfaut,  and  has  been  recently  repatented  for  the  deodorisa- 
tion of  fish  oils.2  Later  Dubrunfaut  himself  recommended  a current 
of  steam  to  drive  off  the  volatile  fatty  acids,  and  since  the  middle  of 
the  last  century  steam  has  been  frequently  employed  (and  patented)  for 
this  purpose,  the  steam  being  used  either  at  low  pressure  or  at  high 
pressure,  or  at  low  pressure  and  in  vacuo,3  and  as  superheated  steam. 

Since  in  the  hot  state  oils  and  fats  are  especially  liable  to 
oxidation  and,  hence,  to  rancidity,  recourse  has  frequently  been  had 
to  the  exclusion  of  air  and  its  substitution  by  an  indifferent  gas.4 

The  deodorised  oil  or  fat  is  allowed  to  rest  for  some  time  so 
that  any  occluded  water  may  separate  out.  It  is  then  filtered  in 
order  to  remove  the  last  traces  of  water  and  suspended  matter. 
If  it  be  required  to  remove  small  amounts  of  colouring  matter,  the 
materials  are  treated  with  charcoal  or  fuller’s  earth  or  hydrosilicate 
(“  decolourised  ”)  and  filtered  through  a filter-press. 

For  further  information  the  patent  specifications  referred  to  in 
the  footnote  may  be  consulted  5 (cp.  also  p.  39). 

1 German  patent  19,819,  1882.  Chevreul  used  sub-carbonate  of  magnesia  in  1813. 

2 E.  Bohm,  English  patent  7901,  1906  (cp.  Vol.  II.  p.  337). 

3 Schlinck,  United  States  patent  653,041  ; Petty,  English  patent  16,954,  1892. 

4 C.  D.  Abel  (from  Fabriques  de  produits  chimiques  de  Thann  et  de  Mulhouse), 
English  patent  9105,  1893  ; French  patent  228,475,  1893. 

• 5 Rocca,  English  patent  10,899,  1900;  German  patent  127,492  ; United  States 
patents  699,571,  699,572  ; French  patent  325,381  ; Godard,  Belgian  patent  163,411, 
1902  ; English  patents  22,085,  1903  ; 22,086,  1903  ; the  corresponding  French  patents 
338,677  and  338,678  are  taken  out  under  the  name  Soc.  anon,  des  Usines  J.  E.  de 
Bruyn,  Termonde,  Belgium. 
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1.  EDIBLE  OILS,  SALAD  OILS,  SWEET  OILS 

French — Huiles  a bouche,  Huiles  comestibles , Unites  de  table. 

German — Tafelole , Speisedle.  Italian — Olii  da  tavola. 

Most  of  the  vegetable  cold-drawn  oils,  if  prepared  from  fresh 
seeds  or  fruits,  are  suitable  for  edible  purposes,  as  also  for  the 
preservation  of  food- stuffs  ( e.g . olive  oil  in  the  sardine  tinning 
industry).  Hence,  practically  every  vegetable  oil,  provided  it 
contain  no  toxic  substances  (cp.  tung  oil,  calophyllum  oil,  castor 
oil,  croton  oil),  may  be,  and  indeed  is  so  employed,  as  has  been 
pointed  out  already  in  Chapter  XI Y.  Naturally,  much  depends  on 
the  demand  made  as  to  palatableness  by  the  population  in  the 
various  countries  of  the  world.  Thus,  whereas  rape  oil  and  linseed 
oil  find  a ready  market  for  edible  purposes  in  India,  these  oils  are  at 
present  only  used  in  exceptional  cases  as  table  oils  in  Western 
Europe.  They  are  replaced  in  richer  countries  by  cotton  seed  oil, 
sesam6  oil,  arachis  oil,  poppy  seed  oil,  and  olive  oil. 

In  the  manufacture  of  edible  oils  the  chief  attention  must  be 
devoted  to  the  removal  of  free  fatty  acids.  For  this  purpose  alkalis 
and  alkaline  earths  are  almost  exclusively  used.  Conjointly  with 
the  free  fatty  acids  there  are  also  removed  natural  impurities,  such 
as  mucilaginous  and  albuminoid  substances,  which  are  instrumental 
in  bringing  about  hydrolysis  (Yol.  I.  Chap.  I.)  and  thus  give  rise  to 
the  formation  of  free  fatty  acids  and  to  rancidity,  which  follows  in 
the  wake  of  hydrolysis. 

It  is  of  great  importance  that  table  oils  should  not  congeal  at 
temperatures  near  the  freezing  point.  Olive  oil  practically  fulfils 
this  demand,  with  the  exception  of  some  Tunisian  olive  oils  from 
Sfax,  Sousse,  Mahdia,  Monastir  [see  Yol.  II.  Chap.  XI Y.],  which 
must  be  “ demargarinated,”  in  the  same  manner  as  is  done  in  the 
case  of  cotton  seed  oil,  before  they  can  be  placed  on  the  market. 

Arachis  oil  stands  in  this  respect  midway  between  olive  oil  and 
cotton  seed  oil  (cp.  “Arachis  Oil,”  Yol.  II.).  From  cotton  seed  oil, 
which  is  at  present  used  in  enormous  quantities  as  an  edible  oil  (as 
also  for  adulterating  high-class  edible  oils),  a considerable  portion  of 
“ stearine  ” separates  out  at  a temperature  of  about  40°  F.  In  order 
to  render  cotton  seed  oil  suitable  for  the  table,  i.e.  to  produce  a 
“winter  oil”  (Yol.  II.  Chap.  XIY.),  the  “ stearine  ” must  be  removed,  or, 
as  the  technical  term  runs,  the  oil  must  be  “ demargarinated.”  Origin- 
ally the  process  of  demargarination  consisted  in  simply  storing  the  oil 
in  large  vessels  during  the  winter,  when  the  “ stearine”  settled  out  as 
a solid  mass  at  the  bottom  of  the  vessels,  so  that  the  supernatant 
clear  oil,  freed  from  most  of  the  stearine,  could  be  drawn  off.  This 
process  must  still  be  employed  in  the  case  of  arachis  oil  (Yol.  II. 
Chap.  XIY.).  Owing  to  the  large  amount  of  capital  locked  up,  this 
process  would  be  too  expensive  for  cotton  seed  oil,  enormous 
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quantities  of  which  are  required  by  the  market.  Hence,  in  modern 
establishments  the  oil  is  refrigerated  artificially,  and  the  “ stearine  ” 
removed  by  filtering  or  pressing  (Vol.  II.  Chap.  XIV.  p.  156). 

In  commerce  “edible  oil,”  or  “table  oil,”  no  longer  denotes  any 
one  oil,  unless  it  be  specifically  sold  as  such.  It  frequently  repre- 
sents a “blend”  of  several  edible  oils,  such  as  cotton  seed,  sesam6, 
arachis,  and  olive  oils.  Hence,  a blend  of  the  kind  just  mentioned 
cannot  be  termed  “adulterated  olive  oil”  unless  it  has  been  sold  as 
olive  oil.  Table  oils  sold  under  fancy  names  are,  as  a rule,  “ blends.” 

The  examination  of  the  individual  oils  and  the  detection  of 
adulterants  has  been  treated  at  length  in  the  foregoing  chapter. 

After  the  nature  of  an  edible  oil  has  been  ascertained  ( i.e . 
whether  free  from  adulterants,1  if  it  be  sold  as  a specific  oil),  the 
estimation  of  the  free  fatty  acids  is  required  to  complete  the 
examination. 

No  rule  can  be  laid  down  as  to  what  should  constitute  the  per- 
missible maximum  of  free  fatty  acids  in  a salad  oil  or  culinary  oil  (for 
frying  fish,  etc.),  the  limit  naturally  depending  on  the  demand  made 
as  to  taste  and  palatableness  in  the  various  countries  or  localities. 

It  may,  however,  be  stated  that  a perfectly  neutral  oil  has  an 
insipid  taste,  and  that  therefore  an  oil  must  not  be  judged  unsuit- 
able for  edible  purposes  for  the  single  reason  that  it  contains  about 
1 per  cent  of  free  fatty  acids.  Edible  cotton  seed  oil,  being  refined 
by  means  of  alkalis  or  alkaline  earths,  will  usually  be  found  to  contain 
much  less  than  1 per  cent  of  free  fatty  acids. 

In  addition  to  all  chemical  tests,  even  provided  they  are  satis- 
factory, the  valuation  of  an  edible  oil  must  be  based  on  its  taste. 
If  an  edible  oil  be  found  rancid,  it  must  be  condemned  as  unfit  for 
consumption.  Therefore,  the  various  methods  that  are  being  devised 
with  a view  to  determining  chemically  the  “ degree  of  rancidity  ” of 
edible  oils  appear  to  the  author  to  be  somewhat  superfluous.  More- 
over, it  must  be  borne  in  mind  that  an  unpleasant  taste  is  not  always 
attributable  to  the  presence  of  free  fatty  acids  and  their  oxidation 
products,  other  substances  which  are  mostly  present  in  small  or  even 
in  the  minutest  quantities  also  imparting  an  unpleasant  flavour  to 
an  oil. 

Whereas  it  is  comparatively  easy  to  decide  whether  an  oil  is 
rancid,  and  hence  unfit  for  consumption,  the  valuation  based  on  the 
flavour  of  an  oil  can  only  be  made  by  one  who  possesses  considerable 
experience.  This  applies  especially  to  edible  olive  oils  (see  Vol.  I. 
Chap  XI. ; and  “ Olive  Oil,”  Vol.  II.  Chap.  XIV.)  and  to  edible  cotton 
seed  oils. 

Less  rigorous  demands  as  regards  taste  and  flavour  are  made 
upon  edible  oils  which  are  used  for  cooking  and  similar  purposes. 
Thus  the  finest  brands  of  rape  oil  are  extensively  used  as  “ bread  oils” 
the  slightly  burning  taste,  which  would  render  this  oil  objectionable 
as  a high-class  table  oil,  disappearing  during  the  progress  of  baking. 

1 A table  oil  consisting  of  a “blend  ” of  several  oils,  such  as  arachis  and  olive  oil,  or 
cotton  seed  and  olive  oil,  is  not  necessarily  an  adulterated  oil. 
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Animal  oils  are  not  used  alone  for  edible  purposes,  although  lard 
oil  finds  a limited  outlet  in  the  manufacture  of  margarine.  Hitherto 
it  has  not  been  possible  to  refine  fish  oils  and  free  them  from  their 
peculiar  fishy  odour  to  such  an  extent  as  to  render  them  fit  for  the 
table.  Even  for  cooking  purposes  fish  oils  are  not  employed,  although 
it  would  seem  that,  if  suitably  refined,1  there  should  be  an  outlet  for 
them  in  the  sardine  tinning  trade  (where  olive  oil,  arachis  oil,  and 
other  oils  are  chiefly  used)  or  for  fish-frying  purposes,  for  which 
cotton  seed  oil  is  largely  employed. 

Cod  liver  oil  only  would  seem  to  fall  under  this  head,  although 
it  is  exclusively  used  for  medicinal  purposes.  Before  the  medicinal 
cod  liver  oils  had  reached  the  excellence  they  have  now  acquired  in 
consequence  of  the  application  of  modern  methods  of  preparing  and 
refining,  an  attempt  was  made  to  improve  their  taste,  or  at  least  to 
render  the  oil  more  palatable,  by  impregnating  cod  liver  oil  with 
carbonic  acid.  The  oil  was  saturated  with  this  gas  under  pressure, 
so  that  as  soon  as  the  latter  was  released  the  oil  effervesced. 

The  process  for  preparing  such  effervescent  oils  (French — Suites 
effervescentes ; German — Brausende  Fette),  of  which  effervescent  cod  liver 
oil  represents  a type,  has  been  patented.2 


2.  EDIBLE  FATS 

French — Graisses  alimentaires,  Graisses  comestibles. 

German — Speisefette,  Kunstspeisefette.  Italian — Grassi  da  tavola. 

Many  edible  fats,  such  as  suet  (tallow),  lard,  butter,  cacao  butter, 
goose  fat,  etc.,  are  fit  for  consumption  if  prepared  with  sufficient  care, 
and  therefore  rarely  undergo  a process  of  technical  purification  before 
they  are  placed  on  the  market.  Their  preparation  has  been  described 
in  the  preceding  chapter ; here  only  those  edible  fats  will  be  con- 
sidered which  are  produced  on  a manufacturing  scale  as  substitutes 
for  the  natural  products.  These  edible  fats  are  artificial  mixtures  of 
different  oils  and  fats.  This  applies  especially  to  the  first  three 
classes  of  edible  fats  considered  below. 

From  a sanitary  point  of  view  no  objection  can  be  raised  against 
the  substitution  of  the  cheaper  animal  or  vegetable  fats  for  the  more 
expensive  ones,  as  long  as  these  substitutes  are  sold  under  their  proper 
names , and  are  not  used  for  fraudulent  purposes.  It  is  rather  to  be 
desired  that  the  industry  of  fat  substitutes  should  extend  further, 
yielding,  as  it  does,  cheap,  palatable  food-stuffs,  and  thereby  tending 
to  exclude  from  consumption  the  unwholesome  fat  from  diseased 
animals,  or  at  least  fats  which  are  prepared  under  conditions  that 
do  not  satisfy  the  most  rigorous  demands  as  regards  cleanliness. 

1 Cp.  Lewkowitsch,  “ Problems  in  the  Fat  Industry,”  Journ.  Soc.  Chem.  Ind.  1903. 

2 Chemische  Fabrik  Helfenberg,  German  patent  109,446,  1899  ; J.  Barclay,  English 
patent  11,410,  1902. 
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The  enormous  strides  which  this  industry  has  made  during  the 
last  few  years  have  shown  that  the  popular  prejudice  which  at  first 
militated  against  the  legitimate  expansion  of  this  trade  has  now  been 
overcome.  Nay,  the  excellence  of  the  products  has  even  reacted 
favourably  on  the  antiquated  methods  of  producing  lard  and  butter, 
and  has  thus  helped  to  introduce  much  needed  improvement  in  the 
preparation  of  these  food-stuffs. 

The  quality  of  an  edible  fat,  irrespective  of  the  nature  of  its 
components,  depends  in  a great  measure,  if  not  solely,  on  its 
palatableness.  Some  writers  are  of  the  opinion  that  an  edible  fat 
should  be  declared  unsuitable  for  consumption  if  its  free  fatty  acids 
exceed  a certain  percentage,  but  any  such  rule  must  appear  an 
arbitrary  one.  Although  the  determination  of  the  amount  of  free 
fatty  acids  should  not  be  omitted,  yet  the  valuation  of  an  edible  fat 
cannot  be  based  on  the  amount  of  the  free  fatty  acids  it  contains. 
Taste  alone  must  decide  whether  the  amount  of  free  fatty  acids  is 
excessive. 

The  question  as  to  the  digestibility  of  an  edible  fat  hardly  falls 
within  the  province  of  a chemist ; still,  it  may  be  pointed  out  that 
J.  Kbnig 1 takes  objection  to  A.  Mayer’s  2 and  A.  Jolles ’ 3 statements 
that  margarine  is  just  as  easily  digested  as  is  butter  fat,  and  that  both 
fats  have  the  same  nutritive  value.  Although  Konig’s  opinion  is 
being  contested  by  Lulnrig 4 on  the  strength  of  a physiological  experi- 
ment, it  has  been  shown  by  prolonged  observations  ( Leffmann 5)  that 
the  substitution  of  butter  in  the  diet  by  margarine  resulted  in  a 
greatly  diminished  6 consumption  of  fat. 

The  author  subdivides  the  edible  fats  into  the  following  four 
groups  : — 

(1)  Suet  Substitutes. 

(2)  Butter  Substitutes. 

(3)  Lard  Substitutes. 

(4)  Cacao  Butter  Substitutes,  Chocolate  Fats. 


(1)  Suet  Substitutes 

French — Succddanbs  du  suif.  German — Prdparirter  Talg,  Bratenfette. 

Under  the  names  “beef-lard,”  “lard-beef,”  “lardeen,”  etc.,  a 
number  of  cooking  fats  are  sold  as  substitutes  for  “ suet  ” or 
“ dripping.”  They  consist,  as  a rule,  of  a mixture  of  suet  (tallow)  and 
cotton  seed  oil  or  cotton  seed  stearine,  and  are  prepared  by  simply 
intermixing  the  melted  ingredients  in  a mixing  machine  and  stirring 
until  the  material  has  acquired,  by  spontaneous  cooling,  a salve-like 
consistence. 

1 Die  menschZichen  Nahrungs - und  Genussmittel,  2nd  ed.  2,  306. 

2 Landw.  Versuchs.  Stat.  29,  215. 

3 Milch- Zeitung,  1894,  670  ; “Ueber  Margarine”  (pamphlet),  Bonn,  1895. 

4 Zeit.f.  (Inters . Nahr.  u.  Qenussm.  1899,  484,  622,  769  ; 1900,  73. 

5 Second  A nnual  Report  of  the  Dairy  and  Food  Commissioner  of  Pennsylvania. 

6 Cp.  also  R.  Kayser,  Zeit.f.  offent.  Chemie , 1899,  101. 
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A mixture  of  beef  stearine  and  cotton  seed  oil  (20  parts  of  beef 
stearine  and  80  parts  of  cotton  seed  oil)  can  also  be  prepared  on 
“ lard  coolers,”  the  mixture  being  brought  to  a temperature  slightly 
above  the  crystallising  point  of  the  stearine.  In  this  case  (as  also  in 
the  case  of  compound  lards)  it  is  important  to  avoid  the  product 
becoming  unctuous  and  semi-transparent,  which  would  indicate  that 
the  mixture  will  separate  in  course  of  time  by  a kind  of  liquation 
process  into  oil  and  stearine. 

According  to  the  prices  ruling  in  the  market  for  cotton  seed  oil, 
its  proportion  in  the  final  product  varies.  If  the  amount  of  cotton 
seed  oil  be  large,  tallow  of  a high  titer  test,  or  even  beef  stearine, 
must  be  employed.  The  natural  yellow  colour  of  cotton  seed  oil 
imparts  to  the  mixture  the  desired  colouration. 

If  it  be  required  to  ascertain  the  amount  of  cotton  seed  oil,  the 
determination  of  the  iodine  value  will  give  the  readiest  answer. 

On  the  Continent  a similar  cooking  fat  is  being  sold  under  the 
name  “ Schmelzmargarine  ” (cp.  “ Schmelzbutter,”  Vol.  II.  Chap. 
XIV.),  this  being  the  fatty  matter  obtained  on  melting  margarine  and 
separating  it  from  water  after  allowing  the  latter  to  settle  out  (cp. 
also  “ Lard  Substitutes,”  p.  40). 

During  recent  years  when  the  price  of  edible  tallow  was  high, 
frequent  attempts  were  made  to  refine  lower  qualities  of  tallow  by 
removing  the  free  fatty  acids  and,  to  some  extent,  the  “ tallowy  ” 
odour.  Since  these  products  possess  the  natural  white  colour  of 
tallow,  they  were  usually  coloured  yellow  (with  regard  to  the  detec- 
tion and  identification  of  colouring  matters  see  Vol.  II.  Chap.  XIV. 

p.  660).1 

More  recently,  suet  substitutes  consisting  of  mixtures  of  tallow 
and  cocoa  nut  oil  have  been  placed  on  the  market.  In  some  parts  of 
Germany  beef  suet  substitutes  prepared  from  linseed  oil  and  tallow, 
or  linseed  oil,  tallow,  and  lard,  have  been  brought  into  commerce 
under  the  name  of  “linseed  oil  lard”  (“  Leinolschmalz ”). 


(2)  Butter  Substitutes 

(a)  Margarine,  4 4 Oleomargarine  ” 2 

French — Margarine.  German — Margarine , Kunstbutter. 

Italian — Burro  di  margarina. 

The  industry  of  butter  substitutes  owes  its  origin  to  experiments 
(induced  by  a prize  offered  by  the  French  Government  in  1869)  made 
by  Mege-Mouribs , which  were  worked  out  to  a manufacturing  process 
in  Paris  in  the  year  1870. 

1 Cp.  also  Sprinkmeyer  and  Wagner,  Zeits.f.  Unters.  Nahr.  u.  Genussm.  1905,  ix.  598  ; 
Arnold,  ibid.  1905,  x.  239  ; Fendler,  Chem.  Rev.  1905,  208,  236  ; Fritzsche,  ibid.  286  ; 
Pollatschek,  Chem.  Rev.  1905,  285  ; Crampton  and  Simmonds,  Journ.  Amer.  Chem.  Soc. 
1905,  270  ; Olig  and  Tillmanns,  Zeit.f.  Unters.  Nahr.  u.  Genussm.  1906,  xi.  94. 

2 This  is  the  American  term  for  our  “margarine.”  The  American  equivalent  of  the 
term  oleomargarine  as  used  in  this  country  is  “oleo  oil”  or  “margarine  oil.” 
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The  most  important  conditions  to  be  observed  in  the  margarine 
industry  are  the  employment  of  the  freshest  and  purest  materials 
and  the  utmost  cleanliness  in  all  manufacturing  operations. 

Margarine,  “ oleomargarine  ” (older  names  partly  suppressed  by 
legislation  are  “ butterine,”  “ Dutch  butter  ”),  consists  of  a mixture  of 
animal  fats  and  of  vegetable  oils  and  fats  churned  with  milk  to  a butter- 
like emulsion,  and  coloured  yellow  (unless  forbidden  by  law)  with 
annatto,  methylorange,  etc.  The  animal  fats  used  are  oleomargarine 
— “ oleo  oil  ” — and  (or)  neutral  lard  (the  latter  is  almost  exclusively 
used  in  the  United  States).  Both  ingredients  must  be  prepared  from 
the  freshest  beef  fat  and  (or)  hog  fat  respectively. 

For  the  production  of  oleomargarine,  the  rough  fat  is  removed 
from  the  slaughtered  animal  as  quickly  as  possible  and  brought 
immediately  into  the  works,  where  it  is  sorted.  The  kidney  and 
bowel  fats  are  selected,  then  carefully  washed  with  warm  water  and 
thoroughly  cleansed.  The  cleansed  fat  is  brought  immediately  into 
large,  well-aired,  artificially  cooled  rooms  to  dry  and  harden  (being 
allowed  to  hang  there  suspended  from  tin  hooks  for  several  hours), 
or  is  immersed  in  iced  water  in  order  to  secure  more  rapid  hardening. 
The  hardened  fat  is  then  cut  up  and  shredded  in  a shredding 
machine,  and  finally  ground  between  rollers.1  The  disintegrated 
mass  is  immediately  introduced  into  tin -lined  jacketed  vessels 
(melting  kettles),  and  brought  to  a temperature  not  exceeding  42°  C., 
this  temperature  being  maintained  by  steam  or  hot  water  passing 
through  the  jacket. 

At  this  temperature  a portion  only  of  the  tallow  contained  in  the 
tissue  separates  on  the  top  of  the  comminuted  rough  fat.  The 
settling  and  clearing  is  assisted  by  sprinkling  salt  over  the  surface 
of  the  melted  fat.  This  melted  portion,  appropriately  termed 
“ premier  jus,”  is  run  off  into  shallow  tin-lined  trays  arranged  in 
tiers  in  a cooled  room,  w'hen  the  bulk  of  the  “stearine”  separates 
out  in  a crystalline  condition.  The  crystallised  mass  in  the  tins  is 
cut  up  into  square  pieces  of  about  3 lbs.  weight  each,  wrapped  in 
canvas  cloths,  and  placed  in  hydraulic  or  mechanical  presses. 

For  the  best  qualities  of  margarine,  the  “premier  jus”  is  remelted 
at  a temperature  not  exceeding  45°  C.  and  allowed  once  more  to 
settle  out,  after  salt  has  been  added,  whereby  the  last  remnants  of 
membrane  and  tissue  are  precipitated.  In  large  works  the  clear  fat 
is  allowed  to  run  into  wooden  vats,  in  which  it  stands  for  from  three 
to  five  days  at  a temperature  suitable  for  the  crystallisation  of  the 
“ stearine.”  The  whole  is  then  stirred  up  into  a homogeneous  pulpy 
mass ; this  is  wheeled  in  wooden  waggons  to  the  presses  and  treated 
as  described  already. 

The  oleomargarine,  “ oleo  oil,”  which  runs  out  from  the  presses 
forms  the  chief  raw  material  for  the  manufacture  of  margarine. 

The  “ stearine,”  “ oleostearine,”  which  remains  in  the  press  is  used 
in  the  manufacture  of  “ lard  substitutes,”  “ suet  substitutes,”  for 
“ stiffening  ” lard,  and  even  in  the  production  of  margarine,  replacing 
1 German  patent  200,538  (E.  Lange). 
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part  of  the  “oleo  oil”  in  case  the  proportion  of  the  vegetable  oils 
demands  the  stiffening  of  the  fat  stock.  Such  addition  of  “ beef 
stearine  ” must,  however,  be  kept  within  proper  limits,  as  otherwise 
the  resulting  margarine  would  lack  in  “ richness  ” of  taste. 

In  some  works  the  rough  fat  from  which  the  “ premier  jus  ” 
has  been  taken  off,  in  the  manner  described  above,  is  heated  once 
more  to  about  50°  C.,  when  a second  portion  of  fat  is  recovered. 
This  is  sold  as  “ secunda  jus,”  and  is  used  in  the  manufacture  of 
inferior  kinds  of  margarine  (“  secunda  ” margarine). 

The  mode  of  producing  neutral  lard  has  been  fully  described 
under  “Lard”  (Yol.  II.  p.  560). 

Amongst  the  vegetable  oils,  cotton  seed  oil  and  cotton  seed 
stearine  take  the  most  prominent  place.  According  to  the  intended 
quality  of  the  margarine  the  quality  of  the  cotton  oil  used  varies. 
In  any  case  the  cotton  seed  oil  must  be  practically  devoid  of  free 
fatty  acids,  and  rendered  as  free  as  possible  from  the  peculiar  flavour 
characteristic  of  this  oil.  The  best  brand  of  cotton  seed  oil  used  for 
margarine  making  is  known  under  the  name  “ butter  oil.”  Arachis 
oil  (also  olive  oil)  and  sesam6  oil  are  used  to  a greater  extent  in 
Europe  than  in  the  United  States.  Latterly,  also,  refined  cocoa  nut 
oil  (see  Q 3 ))  is  being  incorporated  with  the  fat  stock  of  margarine. 

The  oleomargarine,  “oleo  oil”  (and  neutral  lard),  is  mixed 
in  churning  machines  with  the  vegetable  oils  and  fats,  and  with 
milk. 

The  quality  of  the  resulting  product  depends  to  a great  extent  on 
the  quality  of  the  milk  and  on  its  treatment  previous  to  its  admixture 
with  the  fats.  The  milk  may  be  either  sweet  milk  or  sour. 
Sweet  milk  is  more  difficult  to  amalgamate  with  the  oils  and  fats 
and  is  retained  with  greater  difficulty  than  is  soured  milk,  but  the 
advantage  the  employment  of  sweet  milk  offers  is  that  the  resulting 
product  has  a finer  taste  and  keeps  better.  The  soured  milk  is, 
however,  more  easily  incorporated  with  the  fats  and  gives  a higher 
yield.  The  proper  treatment  of  the  milk  in  the  margarine  works 
constitutes  one  of  the  most  important  features,  just  like  the  corre- 
sponding part  of  the  butter-making  process  does  in  large  dairies.  The 
milk  should  be  worked  up  as  soon  as  possible  after  arrival.  In  any 
case  it  should  be  pasteurised  immediately  after  its  arrival,  and  no 
preservatives — not  even  salt — should  be  used  to  prevent  the  fermen- 
tation of  the  milk.  If  the  cream  has  not  been,  taken  off  before  the 
milk  reaches  the  margarine  works,  it  is  removed  (for  butter  making) 
by  means  of  a centrifugal  machine,  etc.  The  regular  determination 
of  the  fat  in  the  milk  is  necessary,  not  only  for  the  proper  control  of  the 
works,  but  also  for  the  further  reason  that  it  has  not  infrequently 
occurred  (on  the  Continent)  that  too  much  cream  is  taken  off  by 
the  seller  and  replaced  by  sesam6  oil,  cotton  seed  oil,  or  even  by 
margarine.  Directions  as  to  the  proper  souring  of  the  milk  fall 
outside  the  scope  of  this  work. 

In  place  of  cow’s  milk,  kephir  milk  or  even  kephir  fungus  have 
been  recommended  (and  patented x).  It  is  claimed  that  the  mar- 
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garine  so  obtained  has  a full  butter  flavour  and  “ browns  ” on  being 
heated. 

The  churning  machines  consist  of  oval  jacketed  vessels  provided 
with  one  or  two  sets  of  stirring  and  mixing  gear.  During  the  process 
of  churning  a constant  temperature  must  be  maintained  by  means  of 
steam  sent  through  the  jacket  of  the  churn.  The  object  of  churning, 
besides  thoroughly  mixing  the  ingredients,  is  to  destroy  the  tendency 
of  the  oleomargarine  to  crystallise,  and  to  pulverise  (“  atomise  ”) 
the  mixture,  as  it  were,  into  single  globules,  such  as  butter  fat  forms 
in  milk.  The  art  of  the  margarine  maker  at  this  stage  of  the  process 
consists,  therefore,  in  carefully  regulating  the  inflow  of  milk  and  fat 
stock,  so  that  a thorough  emulsion  is  finally  obtained. 

First  the  milk  is  put  lukewarm  into  the  churn  and  is  mixed  up  with 
a little  cream,  followed  by  the  addition  of  butter  (if  any  be  added). 
When  the  mass  is  properly  emulsified,  part  of  the  oleomargarine  is 
added  carefully,  and  when  this  has  been  properly  incorporated  with 
the  emulsion,  the  oils  required  for  the  margarine  stock  are  entered 
gradually  and  only  then  the  remaining  oleomargarine  is  mixed  in.2 
At  this  stage  some  manufacturers  add  colouring  matters.  The  steam 
is  then  turned  off,  and  the  warm  material  is  cooled  to  a definite 
temperature  by  cold  water  being  sent  through  the  jacket. 

From  the  churn  the  cooled  margarine  is  run  into  cooling  tanks, 
which  are  built  up  of  marble  or  tiles  or  simply  consist  of  large 
wooden  tanks.  Whilst  running  out,  the  margarine  is  met  by  a 
current  of  ice-cold  water,  delivered  under  high  pressure,  in  order  to 
pulverise  the  mass  thoroughly.  The  disintegrated  globules,  after 
solidifying,  somewhat  resemble  butter  granules. 

E.  and  H.  H.  Schou  3 prefer  to  cool  the  margarine  in  a thin  layer, 
of  a thickness  of  about  1 to  1 '5  mm.,  between  tw^o  hollow  cylinders 
which  revolve  in  opposite  directions  and  are  cooled  by  a brine 
solution  (cp.  also  “ Lard  Coolers,”  Yol.  II.  p.  563). 

A process  intended  to  replace  the  expensive  cooling  by  iced  water, 
and  consisting  in  passing  the  warm  margarine  into  a closed  vessel, 
where  it  is  cooled  by  a current  of  air,4  offers  some  objectionable 
features,  and  therefore  does  not  appear  to  have  met  with  favourable 
reception  in  margarine  works. 

During  recent  years  a large  number  of  patents  have  been  taken 
for  “ homogenising  ” or  “ atomising  ” the  mixture  of  milk  and  oils 
and  fats  in  special  machines.5  The  merit  claimed  for  these  machines 

1 Pollatschek,  German  patent  140,941,  1902  ; K.  Mann,  English  patent  15,311, 

1905  ; German  patent  179,186,  1904  ; United  States  patent  880,316. 

2 A special  modus  operandi  for  producing  a proper  emulsion  at  18°-20°  C.  has  been 
patented  by  Pellerin,  French  patent  361,614,  1905. 

3 French  patent  379,905  ; German  patent  197,004.  Cp.  also  Chem.  Revue,  1908, 
190,  and  English  patent  5810,  1908  (E.  V.  Schou). 

4 Scheffel,  German  patent  116,755,  1899. 

5 D.  F.  de  Kierzkowski-Steuart,  English  patent  27,618,  1904  ; G.  Kunick,  German 
patent  166,935,  1905  ; Deutsche  Homogenisiermaschinen  Gesellschaft,  Liibeck,  French 
patent  354,943,  1905  ; German  patent  189,415  ; W.  G.  Schroeder,  English  patent 
25,404,  1905  ; C.  Petitpierre,  French  patent  353,753,  1905  ; E.  Worner,  German  patent 
175,381  ; Th.  Smith,  United  States  patent  855,071  ; J.  C.  Shears,  English  patent  12,700, 

1906  ; G.  Bonnet,  German  patent  168,714,  1906. 
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is  that  the  product  is  more  solid  and  has  no  “ oily  ” but  “ rather  a 
nut-like  ” taste.  The  important  demerit  of  all  these  apparatus  is, 
however,  that  the  margarine  retains  more  water,  and  hence  the 
proportion  of  fat  falls  below  80  per  cent.  Therefore  in  those 
countries  where  the  maximum  percentage  of  16  per  cent  of  water 
is  prescribed  by  law,  the  sale  of  such  margarine  would  meet  with 
difficulties. 


The  solidified  margarine  is  taken  out  of  the  cooling  cisterns  by 
means  of  long  wooden  spoons,  placed  in  wooden  waggons  (where 


adhering  water  drains  off),  and  is  then  carted  to  large  kneading 
machines.  These  consist  of  huge  circular  wooden  tables  (Fig.  1), 
which  rotate  slowly,  whilst  at  the  same  time  a set  of  conical,  fluted, 
or  specially  shaped  rollers  move  along  the  top  of  the  revolving 
tables.  The  margarine  is  thus  thoroughly  worked  through,  and  the 
excess  of  water  squeezed  out,  so  that  a homogeneous  mass  results. 
This  is  then  salted 1 to  taste,  mixed  with  a little  colouring  matter 
(if  permitted  by  law  2),  and  again  submitted  to  thorough  kneading,  in 
order  to  produce  the  required  texture  throughout  the  whole  mass. 

1 In  Holland  and  in  Germany  3 per  cent  of  salt  is  generally  added.  The  lowest 
grades  of  margarine  usually  contain  the  highest  amount  of  salt.  The  salt  is  required  as 
a preservative  especially  in  the  margarines  made  with  sour  milk. 

2 According  to  Article  2 of  the  French  Law  of  16th  April  1897,  it  is  forbidden  to  colour 
margarine.  In  the  United  States  it  is  also  illegal  to  add  colouring  matters. 
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At  this  stage  also  other  additions  (such  as  sugar,  perfumes,  etc., 
see  p.  24)  are  made.  The  margarine  is  finally  moulded  into  lumps, 
pats,  rolls,  or  any  other  desired  shape. 

A general  working  recipe  for  the  manufacture  of  margarine  is 
as  follows  : — Mix  65  parts  of  oleomargarine,  20  parts  of  vegetable 
oils,  and  30  parts  of  milk.  The  yield  is  100  parts  of  finished 
product,  15  parts  of  water  being  eliminated  in  the  course  of 
manufacture.  The  more  milk  used,  the  better  will  be  the  margarine. 

In  the  following  tables  are  given,  by  way  of  example,  the 
components  of  three  grades  of  margarine  as  manufactured  in  the 
United  States 1 : — 


High  Grade  Margarine 


Oleomargarine,  “Oleo  oil” 
Neutral  lard  . 

Butter  . 

Salt  . 

Colouring  matter 


100  parts 
130  „ 

95  ,, 


357 '5  parts 

yielding  about  352  parts  of  “oleomargarine.” 


Medium  High  Grade  Margarine 


Oleomargarine,  “ Oleo  oil  ” 
Neutral  lard  . 

Cream  . 

Milk  . 

Salt  . 

Colouring  matter 


315 

500 

280 

280 

120 


parts 


1-5 


J J 


1496 '5  parts 

yielding  from  1350  to  1380  parts  of  “oleomargarine.” 


Cheap  Grade  Margarine 


Oleo  oil 

Neutral  lard  . 
Cotton  seed  oil 
Milk  . 

Salt  . 

Colouring  matter 


495 
265 
315 
255 
120 
1-25 


parts 


1451*25  parts 

yielding  from  1265  to  1300  parts  of  “oleomargarine.” 

For  still  lower  qualities  maize  oil  is  said  to  be  used  in  the 
United  States ; but  owing  to  the  very  pronounced  flavour  this  oil 
possesses,  it  can  only  be  employed  for  the  lowest  brands  of  margarine, 

1 Census  Bulletin. 
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as  it  is  extremely  difficult  to  remove  or  to  mask  the  peculiar  grainy 
flavour  of  maize  oil.  Lard  is  not  used  so  extensively  in  Europe  as 
in  the  United  States.  In  this  country  oleomargarine  is  prepared 
exclusively  from  beef  fat.  Mutton  fat,  which  imparts  an  unpleasant 
(“animal”)  flavour  to  the  margarine,  is,  however,  used  in  continental 
margarine  factories.  In  Russia  sunflower  oil  is  used  in  the  manu- 
facture of  margarine,  and  mixtures  of  this  oil  with  cocoa  nut  oil, 
butter,  and  oleomargarine  are  even  fraudulently  substituted  for 
genuine  butter. 

The  object  of  the  margarine  maker  being  to  render  his  product  as 
closely  similar  to  butter  as  possible,  and  to  take  away  the  “ tallowy  ” 
or  too  strongly  “ oily  ” taste  of  the  material,  some  manufacturers 
(provided  the  law  permits)  add  butter  (cp.  the  above-given  tables). 
Others  add  small  quantities  of  volatile  acids,1  volatile  aldehydes,2 
mixed  glycerides  containing  butyric  acid,  such  as  dibutyromono- 
stearin  and  dicaprylomonostearin,3  or  “ butter  perfumes  ” which  con- 
sist chiefly  of  volatile  acids,  such  as  propionic,  butyric,  caproic. 
Also  coumarin  (sold  as  an  emulsion  with  sesam6  oil)  would  fall 
under  the  head  of  “perfumes.” 

It  should,  however,  be  stated  that  margarines  prepared  from  the 
best  materials  in  an  unobjectionable  manner  do  not  require  any  of 
these  additions.  The  latter  are  chiefly  used  in  order  to  mask  low- 
grade  materials.  Hence  the  so-called  “ improvers,”  which  are  sold  as 
secret  preparations,  are  unnecessary.  Under  the  same  head  would 
fall  emulsions  of  almond  oil 4 with  oil-yielding  seeds,  which  are  re- 
commended as  a substitute  for  milk. 

An  important  point  is  to  produce  margarine  which  will  froth  and 
“ brown  ” on  heating,  so  that  even  in  cooking  the  margarine  may 
resemble  butter.  Since  the  property  of  butter  to  brown  and  froth 
is  due  to  casein  and  milk  sugar,  it  is  evident  that  the  more  milk 
used  in  the  manufacture  of  margarine  the  nearer  will  the  product 
approximate  to  butter. 

Milk  is  largely  used  in  this  country  and  in  America ; but  in  some 
continental  countries  (see  below)  where  the  law  forbids  the  addition 
of  more  than  a strictly  limited  quantity  of  milk,  a number  of 
patents  have  been  taken  out5  for  substances  which  are  credited 
with  imparting  to  margarine  the  desired  properties.  Prominent 
amongst  these  patented  products  are  casein  and  other  albuminoids.6 

1 English  patent  15,535, 1898  (Wohlgemuth) ; English  patents  15,649,  22,458,  1900  ; 
German  patents  121,657  ; 128,729  (Poppe).  The  two  last-named  patents  have  been 
cancelled. 

2 German  patent  135,081  (Neudorfer  and  Klimont). 

3 German  patent  102,539,  107,870. 

4 Cp.  Michaelis,  German  patent  100,922,  1897  ; H.  T.  Mapleton,  English  patent 
12,159,  1903  ; K.  Mann,  English  patent  15,311,  1905  ; German  patent  179,186,  1904. 

5 Cp.  German  patent  112,687,  113,382,  116,792. 

6 Under  the  name  “Yitello”  a mixture  of  egg-yolk  and  glucose  has  been  patented 
(Bernegau.  German  patent  97,057),  and  is  stated  to  be  largely  used  in  Holland.  This 
patent  has  recently  been  declared  invalid.  Cp.  also  German  patent  113,382  (Evers),  and 
English  patent  21,626,  1900  (Neisse  and  Boll)  ; E.  V.  Blihler,  English  patent  6417, 
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Some  patentees  claim  cholesterol  and  cholesteryl  esters,1  or 
lecithin.2 

Fendlerz  has  shown  that  0*5  per  cent  of  egg  yolk  (or  0*05  per  cent 
of  lecithin)  imparts  to  the  margarine  the  property  of  “ frothing,”  but 
not  that  of  “ browning.”  In  order  to  produce  the  latter  as  well,  an 
addition  of  sugar  must  be  made.  Egg  yolk  being  cheaper  than 
lecithin,  it  is,  of  course,  more  economical  to  add  the  former. 

Vegetable  waxes  have  also  been  proposed  as  admixtures,  and  the 
use  of  beeswax4  for  this  purpose  has  even  been  patented,  although 
the  addition  of  such  substances  must  seriously  interfere  with  the 
digestibility  of  the  margarine. 

Besides  the  taste,  the  consistence  also  plays  an  important  part  in 
the  valuation  of  margarine.  If  the  finished  margarine  has  not  been 
properly  cooled,  or  has  not  been  worked  sufficiently  on  the  tables,  its 
consistence  may  be  either  too  “greasy”  or  too  “sandy,”  i.e.  the  semi- 
crystalline mass  has  not  been  properly  “ broken,”  and  its  grain  differs 
from  that  of  a properly  prepared  dairy  butter.  Some  margarines 
are  also  finally  mixed  with  a little  glycerin,  or  glucose,  or  sugar,  in 
order  to  improve  the  texture  or  to  give  them  a glossy  appearance 
and  also  a sweeter  taste. 

The  addition  of  glucose  or  cane  sugar  must,  however,  be  con- 
sidered a mistake,  as  this  only  leads  to  premature  development  of 
fungi  on  the  margarine.5 


The  manufacture  of  butter  substitutes  is  differently  affected  by 
legislation  in  different  countries.6  In  this  country  the  adding  of 
butter  to  margarine  in  any  proportion  was  at  first  allowed,  for, 
according  to  the  Margarine  Act  of  1887,  any  “butter”  containing 
even  the  smallest  quantity  of  foreign  fat  was  looked  upon  as 
margarine.  By  the  Margarine  Clause  of  the  Food  and  Drugs  Act, 
1899,  however,  the  maximum  proportion  of  butter  fat  in  margarine 
has  been  restricted  to  10  per  cent. 

This  restriction  has  been  confirmed  by  the  “ Butter  and  Margarine 
Act  of  1907,”  and  it  has  been  further  enacted  that  margarine  must 
not  contain  more  than  16  per  cent  of  water.  Margarine  factories 
must  be  registered,  and  are  open  to  Government  inspection.  Pro- 
hibited preservatives  must  not  be  used,  nor  is  an  excess  of  boric  acid 
allowed  (see  “Butter,”  Vol.  II.  p.  657).  According  to  the  same  Act 

1901  ; R.  Jurgens,  English  patent  8099,  1903  ; D.  Miiller,  English  patent  12,916, 1906  ; 
S.  Mitscherlich,  English  patent  9015,  1907  ; Dr.  Riegel’s  Nahrungsmittel-Werke,  French 
patent  378,281  ; A.  Bernstein,  German  patent  183,689, 1906  ; J.  H.  Boll,  German  patent 
173,112  ; H.  Mohr,  German  patent  170,163  ; Riegel,  English  patent  12,095,  1907  (cp. 
footnote  7,  p.  91. 

1 Sprinz,  English  patent  7620,  1901  ; German  patent  127,376. 

2 German  patent  142,397  ; Reeser  Margarine  Fabik,  and  C.  Fresenius. 

* Chem.  Revue,  1904,123. 

4 English  patent  22,905,  1900  ; German  patent  124,410  ; French  patent  316,986. 

5 Cp.  Zoffmann,  Chem.  Revue , 1904,  7. 

6 A.  Lavalle,  Die  Margarine  Gesetzgebung,  Bremen,  1896  ; Report  of  the  Depart- 
mental Committee  on  Butter , Eyre  and  Spottiswoode,  1904  ; Report  from  the  Select 
Committee  on  Butter  Trade , London,  1906. 
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“ margarine  ” means  “ any  article  of  food,  whether  mixed  with  butter 
or  not,  which  resembles  butter  and  is  not  milk-blended  butter.” 

In  the  United  States  the  mixing  of  butter  with  margarine  is  not 
forbidden,  provided  this  product  be  sold  as  “ oleomargarine,”  but  the 
artificial  colouring  of  margarine  is  forbidden. — In  France,  up  to  the 
promulgation  of  the  Law  of  16th  April  1897,  the  admixture  of  butter 
with  margarine  was  permitted,  provided  the  article  so  prepared  was 
sold  with  a proper  declaration  as  to  its  composition.  Since  then  the 
maximum  amount  of  butter  that  may  be  admixed  with  margarine  has 
been  fixed  at  10  per  cent.  This  amount,  which  includes  the  butter  fat, 
is  introduced  with  the  milk  in  the  course  of  manufacture. — In  Germany, 
as  also  in  Austria,  the  mixing  of  margarine  with  butter  is  prohibited, 
both  in  the  course  of  manufacture  and  as  an  addition  to  the  finished 
margarine.  Since  in  the  manufacture  of  margarine  no  more  than  100 
parts  of  milk  or  a corresponding  quantity  of  cream  may  be  used  for  100 
parts  of  fat,  the  German  and  Austrian  margarines  may  not  contain 
more  than  3*5  per  cent  of  butter  fat  in  the  margarine  fat;  hence  the 
j Reichert- Meissl  values  of  the  German  and  Austrian  margarines  must  not 
exceed  the  figure  2 (provided  cocoa  nut  and  palm  nut  oils  have  not 
been  used,  for  in  that  event  the  Reichert- Meissl  value  will  be  higher ; 
see  below).  By  an  Imperial  Statute  it  is  made  obligatory  that  the 
margarine  manufacturers  in  Germany  add  at  least  10  parts  of  sesam6 
oil  for  every  100  parts  of  fats  and  oils  used.  This  is  done  in  order 
to  facilitate  the  detection  of  margarine  in  butter  (earlier  proposals 
to  add  a “ latent  ” colouring  matter,  such  as  phenolphthalein  or 
dimethylamidoazobenzene,  having  been  rejected). 

In  Austria  also  the  addition  of  10  per  cent  of  sesame  oil  has 
been  made  obligatory. — In  Belgium  the  margarine  manufacturer  is 
bound,  according  to  the  Law  of  4th  May  1900,  to  use  at  least  5 parts 
of  sesame  oil  in  100  parts  of  fatty  matter,  and  0*2  part  of  dry 
potato  starch. — In  Denmark  the  proportion  of  butter  fat  allowed  in 
margarine  has  been  reduced  from  50  per  cent  to  15  per  cent,  and  it 
is  forbidden  to  produce  and  deal  in  margarine  which  has  a deeper 
yellow  tint  than  a certain  officially  fixed  one.  The  margarine 
(margarine  fat?)  must  contain  at  least  10  per  cent  of  sesam6  oil 
(Law  of  1st  January  1906). 

The  German  Government  had  rejected  the  proposal  to  use  potato 
starch  for  “ earmarking  ” margarine,  on  the  ground,  it  is  stated,  that 
starch  is  too  easily  removed  by  washing  the  margarine  with  water. 
This  objection  would,  however,  not  hold  good,  since  Mainsbrecq 1 has 
shown  that  if  the  starch  is  dried  and  then  mixed  with  fat,  it  cannot 
be  washed  out  with  water,  the  fat  forming,  as  it  were,  a protecting 
layer.  The  advantage  of  starch  as  an  earmarking  substance  consists 
not  only  in  that  it  is  a cheap  substance  which  does  not  in  any  way 
influence  the  quality  of  the  margarine,  but  furthermore  in  that  its 
presence  can  be  detected  by  two  independent  methods,  namely,  by 
the  iodine  test  and  by  microscopical  examination,  so  that  even  if  a 
colouring  matter  should  be  discovered  which  would  give  a blue 
1 Bull,  de  V Association  Beige , 1889  (12),  185. 
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colouration  with  iodine  solution,  the  microscopical  examination  could 
still  be  relied  upon.  This  becomes  all  the  more  important  since  the 
“ earmarking  ” by  sesam6  oil  has  been  rendered  nugatory  by  the 
employment  of — legally  permitted — colouring  matters,  which  give 
with  hydrochloric  acid  a similar  colouration  to  that  produced  in 
the  Baudouin  reaction  for  sesame  oil.  These  colouring  matters  so 
tenaciously  adhere  to  the  fat  substance  (being  more  readily  soluble 
in  it  than  in  dilute  hydrochloric  acid)  that  an  inordinately  large 
number — 20  to  30  and  more — of  washings  with  hydrochloric  acid 
must  be  carried  out  before  the  colouring  matter  is  removed. 
The  chromogenetic  substance  in  sesame  oil  is  at  the  same  time 
destroyed,  so  that  the  presence  of  sesam6  oil  can  no  longer  be 
thus  detected.1  The  evidence  which  the  author  has  given  in  this 
respect  before  the  Parliamentary  Committee  has,  amongst  other 
reasons,  induced  the  Committee  not  to  recommend  sesam6  oil  as  an 
earmarking  substance  for  margarine.2 

The  methods  of  examining  margarine  (“  oleomargarine  ”),  and 
especially  of  distinguishing  it  from  true  butter  fat,  have  been 
exhaustively  dealt  with  in  the  preceding  chapter,  under  “ Butter 
Fat.” 

A reliable  preliminary  test  for  discriminating  between  margarine 
not  containing  added  butter,  and  genuine  butter  fat,  is  to  heat  the 
isolated  fat  with  a small  quantity  of  alcoholic  potash,  insufficient  to 
effect  complete  saponification  ( Hehner  3).  In  the  presence  of  butter  fat 
ethyl  butyrate,  readily  recognised  by  its  pleasant  smell  recalling  that 
of  pine-apples,  is  formed.  A number  of  margarines  examined  by  the 
author  failed  to  give  the  odour  of  the  butyrate.  On  adding,  however, 
a small  quantity  of  genuine  butter,  the  characteristic  smell  was 
immediately  observed.  It  would  therefore  appear  that  the  small 
quantity  of  butter  fat  which  is  introduced  into  margarine  with  the 
milk,  is  not  readily  revealed  by  this  test. 

In  order  to  determine  quantitatively  the  amount  of  butter  fat 
in  margarine,  especially  with  a view  to  testing  whether  it  exceeds 
the  legal  limit  of  10  per  cent,  the  Beichert-Wollny  method  has  been 
agreed  upon  as  the  official  test4  by  the  Government  Laboratory  and 
a Committee  of  the  Council  of  the  Society  of  Public  Analysts.  The 
following  table  gives  the  amount  of  butter  fat  which  was  assumed 
to  be  present  in  a margarine  (in  the  absence  of  cocoa  nut  and  palm 
nut  oils5)  in  case  the  following  Beichert-Wollny  numbers  have  been 
found  : — 

1 Cp.  Fendler,  Chan.  Rev.  1905,  10. 

2 For  other  objections  against  the  employment  of  sesame  oil  in  the  manufacture  of 
margarine,  compare  Report  from  the  Select  Committee  on  Butter  Trade , London,  1906. 

3 Analyst , 1884,  76. 

4 Ibid.  1900,  309  (see  Vol.  I.  Chap.  VI.). 

5 It  may  be  pointed  out  in  this  connection  that  Bemelmans  {Zeit.  f.  Unters.  Nahr.  u. 
Genuss.  1907,  xiii.  492)  found  in  the  Reichert-Meissl  distillate  of  a margarine  fat  benzoic 
acid  (added  as  a preservative),  which,  of  course,  increased  the  Reichert- Wollny  number. 
To  a smaller  extent  the  same  effect  would  be  produced  by  salicylic  acid  (cp.  Vol.  II. 
p.  659). 
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Reichert- Wollny  Number 
of  the 

Margarine  Fat. 


Percentage  of  Butter  Fat 
assumed  to  be  present  in  the 
Margarine  Fat. 


4*0 

4*3 

4*6 

4- 9 
5*2 

5- 5 
5-9 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Since,  however,  margarines  are  now  being  prepared  which  contain 
as  much  as  30-40  per  cent  of  cocoa  nut  or  palm  nut  oil,  the  indications 
furnished  by  the  Reichert- Wollny  value  alone  are  not  sufficient  to  raise 
the  presumption  that  the  margarine  contains  more  butter  fat  than  is 
permitted  under  the  Foods  and  Drugs  Act. 

In  cases  of  this  kind  the  high  saponification  number  of  the 
margarine  fat  would  in  the  first  instance  reveal  the  presence  of  cocoa 
nut  or  palm  nut  oil. 

If  the  quantity  of  cocoa  nut  oil  be  small,  then  the  determination 
of  the  saponification  value  alone  cannot  lead  to  decisive  results.  In 
that  event  the  determination  of  the  insoluble  volatile  acids  (by  the 
methods  of  Muntz  and  Coudon  or  of  Polenske,  Vol.  II.  Chap.  XIV. 
p.  695)  would  furnish  further  indications.  If  even  then  unmistakable 
results  are  not  obtained,  the  margarine  fat  may  be  resolved  by 
extraction  with  alcohol  into  two  portions,  viz.  a somewhat  more 
easily  soluble  portion  and  an  insoluble  portion.  Cocoa  nut  oil, 
being  much  more  soluble  in  alcohol  than  the  usual  constituents  of 
margarine  (oleomargarine,  lard,  cotton  seed  oil,  etc.),  would  pass  into 
the  alcoholic  solution  to  a greater  extent  than  do  the  other  fats  and  oils, 
and  the  residue  after  distilling  off*  the  alcohol  can  then  be  examined 
with  advantage  by  determining  the  saponification  value,  Reichert- 
Meissl  value,  and  the  titration  number  of  the  insoluble  volatile  fatty 
acids  (see  below).  With  regard  to  the  detection  of  cocoa  nut  oil 
cp.  also  Hinkd  microscopical  method,  Vol.  II.  p.  710. 

The  problem  becomes  more  difficult  if  it  is  required  to  determine 
the  amounts  of  butter  fat  and  of  cocoa  nut  oil  (or  palm  kernel  oil), 
if  present  conjointly,  in  a margarine.  A.  Kirschner 1 endeavoured  to 
solve  it  by  basing  himself  on  a principle  first  suggested  by  K.  Jensen ,2 
viz.  to  determine  the  amount  of  caprylic  acid  in  the  aqueous  solution 
obtained  in  the  Reichert  distillation  process. 

In  the  case  of  butter  fat  this  solution  contains  preponderantly 
butyric  acid — which  has  not  been  found  in  cocoa  nut  oil  or  in  palm 
nut  oil — and  also  caprylic  acid,  which  latter  occurs  in  butter  fat  to  a 
small  extent  only,  whereas  in  the  case  of  cocoa  nut  oil  a compara- 
tively considerable  amount  of  caprylic  acid  will  be  obtained.  The  silver 

1 Zeit.  f.  Unters.  Nahr.  u.  Genussm.  1905,  ix.  65  ; cp.  also  Arnold,  ibid.  1907, 
xiv.  172.  2 Farmaceutisk  Titende , 1903,  385. 
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salt  of  butyric  acid  is  easily  soluble  in  water,  whereas  caprylic  acid 
yields  a silver  salt  which  is  only  sparingly  soluble  in  this  menstruum. 

Kirschner’s  method  consists  in  saponifying  5 grms.  of  margarine 
fat  in  the  usual  manner,  and  determining  the  Beichert-Meissl  value. 
To  100  c.c.  of  the  distillate  0-5  grm.  of  silver  sulphate  is  added;  the 
solution  is  well  shaken  and  allowed  to  stand  one  hour,  so  that  the 
precipitate  may  settle  out.  The  precipitate  is  filtered  off,  the  filtrate 
is  acidified  with  dilute  sulphuric  acid  and  distilled  again.  The  dis- 
tillate is  titrated  with  decinormal  alkali  and  yields  a “ new  number,” 
which  is  a measure  of  those  volatile  acids  the  silver  salts  of  which 
are  soluble  in  a neutral  solution.  By  determining  this  same  number 
and  also  the  Beichert-Meissl  values  in  (1)  a margarine  fat  free  from 
cocoa  nut  oil,  (2)  the  same  margarine  fat  mixed  with  10  per  cent 
of  cocoa  nut  oil,  and  (3)  margarine  fat  No.  1 mixed  with  10  per 
cent  of  butter  fat,  an  equation  can  be  formed  which  allows  to  calculate 
the  percentage  of  butter  fat  in  a margarine  fat  containing  cocoa  nut 
oil,  after  the  Beichert-Meissl  value  and  the  “new  number”  of  the 
margarine  fat  have  been  determined.  Kirschner  derives  the  following 
equation : — 

Per  cent  of  butter  fat  = 4*319  x “new  number”  - 0*456  x Reichert-Meissl  value  - 2*15. 

Although  check  experiments  made  by  Kirschner  with  mixtures  of 
margarine  fat  with  cocoa  nut  oil  and  butter  fat  yielded  very  good 
results,  the  objection  must  be  raised  that  for  the  derivation  of  the 
above  equation  only  three  series  of  values  had  been  used.  Further- 
more, in  view  of  the  varying  composition  of  butter  fat  (see  Chap.  XV. 
“ Butter  Fat  ”),  and  in  view  of  the  minutiae  of  detail  of  manipulation 
which  must  be  observed  in  order  to  obtain  comparable  results,  this 
method,  although  involving  the  application  of  a very  useful  principle, 
must  be  accepted  with  reserve. 

The  author  suggested  1 to  determine  the  amount  of  silver  capryl- 
ate,  obtained  as  described  above  in  a number  of  pure  cocoa  nut  oils 
and  pure  butter  fats,  and  to  derive  from  such  results  data  for  compari- 
son ; this  suggestion  has  also  been  made  by  0.  Jensen .2 

Another  method,  which  would  seem  to  promise  more  reliable 
results,  has  been  proposed  for  this  purpose  by  Arnold ,3  viz.  to  treat 
the  margarine  fat  with  alcohol,  and  to  examine  the  alcohol-soluble 
portion,  which  would  then  contain  the  more  soluble  portions  of  both 
cocoa  nut  oil  and  butter  fat.  The  determination  of  the  saponification 
value,  of  the  Beichert-Meissl  value,  of  the  titration  number  of  the 
insoluble  volatile  acids,  of  the  mean  molecular  weights  of  the  soluble 
volatile  acids,  and  also  of  the  insoluble  volatile  acids,  would  then 
furnish  such  data  as  may  lead  to  an  approximate  determination  of 
butter  fat  and  cocoa  nut  oil  in  margarine  fat.  The  tables  containing 
Arnold's  values  as  given  in  Chapter  XIV.  under  “Lard”  (pp.  599, 
600),  “Beef  Fat”  (p.  636),  “Butter  Fat”  (pp.  675  and  708),  in  conjunc- 
tion with  the  following  tables,  will  materially  assist  in  interpreting 
the  results : — 

1 Jahrbuch  der  Chemie,  xiv.  437.  2 Zeit.f.  Unters.  Nahr.  u.  Genussm.  1905,  x.  265. 

3 Ibid.  1907,  xiv.  1128,  1178. 
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The  acids  are  solid.  2 The  acids  are  liquid. 
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In  conclusion,  the  author  adds  a few  analyses  of  margarines  which 
indicate  the  course  of  examination  to  be  adopted.  This  embraces 
the  determination  of  water  (which  in  this  country  must  not  exceed 
16  per  cent),  ash,  total  fat,  and  examination  of  fat  (if  desired). 
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The  examination  of  a few  specimens  of  margarine  fat,  containing 
cocoa  nut  oil,  gave  the  following  numbers 


Margarine  Fats  containing  Cocoa  Nut  Oil 


Saponification 

Value. 

Iodine  Value. 

Reichert-Meissl 

Value. 

Insoluble  Acids 
and 

Unsaponifiable. 

Observer. 

216-34 

49-46 

5 50 

92-97 

Beythien  and 

220-35 

49-06 

4-50 

93*04 

Strauss 

217-45 

4-50 

210-12 

4-10 

y y 

218-24 

49-25 

4-60 

92-98 

The  detection  of  the  individual  oils  and  fats  in  margarine  is 
carried  out  in  the  manner  described  under  “ Butter  Fat,”  and  by 
following  the  course  indicated  in  Chap.  XI.  In  an  examination  of 
this  kind  the  determination  of  stearic  acid  may  lead  to  valuable 
indications,  as  is  evidenced  by  the  following  numbers  published  by 
Hehner  and  Mitchell : — 

Containing  Stearic  Acid. 

Per  cent., 

. 21 -3-23 -6 

24*8 
11-72 

Butter  fat  contains  less  than  1 per  cent  of  stearic  acid ; cp.,  however, 

Yol.  I.  Chap.  VIII. 

Leffmann  and  also  Geisler 1 stated  that  they  found  in  American 
“ oleomargarines  ” from  9 ‘7 2 to  1 1 ’5  per  cent  of  paraffin  wax  ; 2 hence 
the  quantitative  determination  of  the  unsaponifiable  matter  should 
not  be  omitted.  With  regard  to  the  examination  for  boric  acid 
and  other  preservatives  (salicylic,  benzoic  acids)  and  colouring  matter, 
cp.  Chap.  XIV.  under  “ Butter  Fat.”  A method  for  the  detection  of 
egg  yolk  has  been  worked  out  by  Fendler ,3 

In  the  examination  of  the  aqueous  layer  obtained  on  melting  the 
sample  of  margarine  an  alkaline  reaction  may  also  be  caused  by  the 
presence  of  ammonium  carbonate,  which  some  makers  add  to  their 
margarine.4 

In  the  following  table  I give  the  estimated  production  of 
margarine  in  the  most  important  countries  during  the  year  1900  5 : — 

1 Journ.  Amer.  Chem.  Soc.  1899  (21),  605. 

2 In  this  connection  it  may  be  mentioned  that  even  the  admixture  of  60  per  cent  of 
refined  mineral  oil  to  edible  fats  with  a view  to  producing  a “ compound  edible  fat  ” has 
been  patented  (English  patent  9526,  1894). 

3 Ber.  d.  deutsch.  pharm.  Ges.  1903,  284. 

4 K.  Fisher  and  Grunert,  Zeit.  f Unters.  Nahr.  u.  Genussm.  1904,  viii.  414. 

5 Census  Bulletin. 
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Estimated  Production  of  Margarine  during  1900 


Germany 
Netherlands  . 
United  States 
United  Kingdom 
Denmark 
Sweden 
Norway 
Belgium 


Pounds. 

. 220,000,000 

. 123,000,000 

more  than  100,000,000 
82,000,000 
. 35,000,000 

22,000,000 
. 22,000,000 
. 20,000,000 


The  imports  of  margarine  during  the  last  eight  years  into  the 
United  Kingdom  are  stated  in  the  following  table  : — 


Year. 


Cwts. 


1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 


958,586 

924,034 

965,546 

958,211 

876,446 

950,368 

1,105,374 

1,111,099 


The  home  production  of  margarine  is  increasing  from  year  to 
year,  and  may  now  be  estimated  to  exceed  1,000,000  cwts.  per  annum. 
Reliable  statistical  data  are,  however,  not  available. 

The  following  table  2 shows  the  kinds  and  quantities  of  materials 
used  in  the  production  of  “oleomargarine”  in  the  United  States  for 
the  (fiscal)  year  ended  20th  June  1899  : — 


Materials. 

Pounds. 

Percentage. 

Neutral  lard  . 

31,297,251 

34-27 

“Oleooil” 

24,491,769 

26-82 

Cotton  seed  oil 

4,357,514 

4-77 

Sesame  oil 

486,310 

0-53 

Colouring  matter  . 

148,970 

0-16 

Sugar  ... 

110,164 

0-12 

Glycerin 

8,963 

o-oi 

“Stearine” 

5,890 

0-007 

Glucose  .... 

2,550 

0-003 

Milk  .... 

14,200,576 

15-55 

Salt  .... 

6,772,670 

7-42 

“Butter  oil” 3 

4,342,904 

4-76 

Butter  .... 

1,568,319 

1-72 

Cream  .... 

3,527,410 

3-86 

Total 

91,322,260 

100-00 

1 Value,  £2,223,645.  2 Chandler,  Journ.  Soc.  Chem.  Ind.  1900,  619. 

3 This  is  a special  brand  of  cotton  seed  oil  (see  Vol.  II.  Chap.  XIV.). 
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The  quantities  of  “ oleomargarine  ” produced  in  the  United 
States  of  America  during  the  years  1897  to  1904  have  been  stated 
officially  as  follows  : — 
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The  amount  of  margarine  (“oleomargarine,”  “imitation  butter”) 
exported  from  the  United  States  in  lbs.,  and  the  value  in  dollars,  is 
given  in  the  following  table  : — 


Year. 

Lbs. 

Dollars. 

1896 

6,063,699 

587,269 

1897 

4,864,351 

472,856 

1898 

4,328,536 

386,297 

1899 

5,549,322 

509,703 

1900 

4,256,067 

416,544 

1901 

4,990,699 

484,501 

1902 

5,721,254 

601,521 

1903 

7,645,652 

798,273 

1904 

6,137,251 

605,874 

1905 

7,863,164 

711,038 

1906 

11,794,174 

1,033,256 

1907 

5,397,609 

520,406 

As  will  be  seen,  the  production  of  margarine  in  the  United  States 
has  fallen  off  considerably  in  consequence  of  recent  legislation 
injuriously  affecting  the  production  and  sale  of  margarine.  The 
same  effect  has  been  produced  in  Germany  by  the  Margarine  Act  of 
1902,  and  the  production  has  fallen  from  123,133,853  lbs.  in  the 
fiscal  year  1901-2  to  72,484,761  lbs.  in  1902-3  and  48,071,850  lbs. 
in  1903-4.  In  Denmark,  on  the  contrary,  the  production  of  margarine 
has  increased  considerably,  as  may  be  gathered  from  the  following 
figures:— 1892-93,  16,312,844  lbs.;  1899-1900,  32,530,911  lbs.; 
1905-6,  53,490,000;  1906-7,  57,850,000. 

It  may  be  added  that  the  manufacture  and  sale  of  margarine  is 
forbidden  in  Canada,  hence  all  the  “ oleo  oil  ” produced  there  is 
exported. 

Under  the  name  of  “ margarine  ” may  be  also  described  emulsions 
of  fat  with  water  without  the  addition  of  milk. 

Some  cf  these  emulsions,  consisting  of  oleomargarine — oleo  oil — 
or  lard,  or  mixtures  of  the  two,  emulsified  with  about  16  per  cent  of 
water,  have  been  sold  especially  as  butter  adulterants.  The  analyses 
of  some  of  these  have  been  given  under  “Butter  Fat,”  Yol.  II. 
Chap.  XIY.  p.  677.  The  fraudulent  use  for  which  these  “mar- 
garines ” are  intended  naturally  restricts  their  sale. 

Another  kind  of  fat  emulsion,  consisting  of  vegetable  butters 
emulsified  with  water,  or  with  milk  and  egg  yolk,  etc.,  more  properly 
belongs  to  the  “Vegetable  Butters”  (see  below),  although  legislation 
in  different  countries  may  demand  its  being  sold  under  the  laws 
affecting  margarine. 
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Q3)  Vegetable  Butters 

French — Beurres  vSgetaux.  German — Vegetabilische  Butter sorten. 

Italian — Burri  vegetabile. 

Under  the  heading  “Vegetable  Butters”  I include  all  those  fats 
or  mixtures  of  fats  which  are  exclusively  of  vegetable  origin,  and 
have  at  the  ordinary  temperature  a consistence  approaching  that  of 
butter  or  lard.  Their  origin  differentiates  them  from  the  products 
named  under  the  heading  “Suet  Substitutes”  (p.  17). 

A fat  corresponding  to  this  description  is  “ cotton  seed  stearine  ” ; 
indeed,  the  cotton  seed  stearine  obtained  from  the  best  qualities 
of  cotton  seed  oil,  fit  for  consumption,  is  specially  prepared  and 
sold  as  a butter  substitute  in  those  countries  the  inhabitants  of 
which  are  forbidden  by  religious  tenets  to  consume  beef  fat  or 
hog  fat  (Turkey,  India).  In  commerce  such  vegetable  butters  are 
known  as  “vegaline,”  “cottolene,”  etc.  The  manufacturing  pro- 
cesses for  producing  cotton  seed  stearine  have  been  described  in  the 
preceding  chapter  (Vol.  II.  Chap.  XIV.). 

Cocoa  nut  oil  and  palm  nut  oil  lend  themselves  to  the  same 
purposes,  especially  in  temperate  climates,  provided  they  are  refined 
so  as  to  offer  no  objection  on  account  of  taste  and  odour.  The  great 
demand  that  had  arisen  during  the  last  three  decades  for  butter 
substitutes,  a demand  that  could  not  be  fully  met  by  margarine  alone 
on  account  of  the  limited  supplies  of  beef  fat,  directed  the  attention, 
in  the  first  instance,  to  the  problem  of  refining  cocoa  nut  oil  so  as  to 
render  it  fit  for  edible  purposes.  The  earliest  experiments  made  in 
this  direction  appear  to  date  from  the  year  1880.  In  the  year  1882 
Jeserich  and  Meinert-Biinau  patented  a process  of  refining  cocoa  nut 
and  palm  nut  oils.  This  process  consisted  in  deodorising  the  oils  by 
a current  of  high  pressure  steam  (6  to  8 atmospheres),  and  removing, 
by  means  of  magnesia,  the  free  fatty  acids  still  left  in  the  fats  after 
steaming.  This  process  seems  to  have  been  carried  out  on  a manu- 
facturing scale  at  first  in  Germany  ; but  the  product  was  still  tainted 
with  a peculiar  flavour,  which  was  at  that  time  believed  to  be  caused 
exclusively  by  the  free  fatty  acids  of  cocoa  nut  oil. 

Attempts  were  then  made  on  a large  scale  to  remove  by  treat- 
ment with  alcohol 1 the  free  fatty  acids  and,  at  the  same  time,  the 
odorous  substances.  On  account  of  the  costliness  of  the  process,  and 
for  other  obvious  reasons,  this  method  also  had  been  abandoned.  Yet 
recently,  the  alcohol  process  appears  to  have  been  again  attempted 
on  a large  scale.2 

At  first  most  of  the  products  were  sold  (secretly)  as  butter 
adulterants,  but  in  the  same  degree  as  the  detection  of  even  small 

1 Purification  by  means  of  alcohol  was  first  used  by  Chevreul,  and  appears  to  have 
been  proposed  as  a working  process  first  by  Demachy  in  the  beginning  of  the  last  century 
(cp.  German  patent  19,819). 

2 French  patent  361,966  (Urbain  and  Feige). 
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quantities  of  cocoa  nut  oil  in  butter  fat  was  rendered  easy  by  the 
application  of  searching  analytical  methods,  and  as  more  elaborate 
processes  of  refining  were  invented,  cocoa  nut  oil  butter  won  for 
itself — under  its  proper  name — an  independent  position  as  a butter 
substitute,  and  began  to  find  extensive  use  in  confectionery  and  as  a 
culinary  fat.  The  fat  is  at  present  mostly  sold  under  fancy  names, 
the  number  of  which  has  grown  exceedingly  extensive  of  late 
years.  Only  a few  of  these  fancy  names  can  be  mentioned  here, 
viz.  “ lactine,”  “ vegetaline,”  “ cocoaline,”  “ laureol,”  “ nucoline,” 
“ albene,”  “ palmin,”  “ cocose,”  “ plantol.” 1 These  are  prepared  from 
the  best  brands  of  cocoa  nut  oil  (Cochin),  either  imported  as  such  or 
in  the  form  of  well-dried  copra  of  best  quality.  Some  vegetable 
butters  are  made  from  expressed  palm  kernel  oil. 

The  refining  processes  proper,  embracing  chiefly  the  removal  of  the 
free  fatty  acids  and  the  deodorisation  of  the  oil,  are  guarded  as 
valuable  secrets,  both  as  regards  the  details  of  the  process  and  the 
apparatus  employed.  Moreover,  the  processes  in  use  differ  considerably, 
as  is  evidenced  by  the  different  qualities  of  the  various  commercial 
cocoa  nut  (and  palm  kernel)  oil  butters  in  respect  of  taste  and  odour. 
Hence  the  reader  can  only  be  referred  to  the  general  indications 
given  on  p.  14,  and,  for  further  details,  to  the  patent  specifications 
mentioned  above. 

The  difficulties  experienced  in  the  conversion  of  cocoa  nut  oil  into 
vegetable  butter  were  frequently  attributed  to  the  presence  of 
proteins.  Freundlich 2 has  shown  that  the  proportion  of  proteins  in 
a number  of  cocoa  nut  oils  was  nil,  or  at  most  amounted  to  0T8  per 
cent,  and  he  therefore  rejects  as  untenable  the  view  that  proteins  are 
the  cause  of  the  difficulties.  Since,  however,  Freundlich  found  in  the 
emulsified  layers,  which  are  formed  between  oil  and  wash-waters  in  the 
course  of  the  manufacturing  process,  substances  which,  after  removing 
the  fat  with  ether,  would  appear  from  their  proportions  of  nitrogen 
to  contain  from  0‘08  to  2*85  per  cent  of  proteins,  the  question  must 
still  be  left  an  open  one.  In  the  author’s  opinion  it  appears  likely 
that  Raschig’s  chloramine  reaction  may  prove  of  assistance  in  deciding 
this  question. 

The  free  fatty  acids  of  the  raw  material  are  recovered  as  a by- 
product in  the  form  of  alkaline  salts  (soda  soap)  or  salts  of  alkaline 
earth  (lime  soap,  magnesia  soap).  These  soaps  occlude  a consider- 
able amount  of  neutral  fat,  up  to  40  and  even  60  per  cent  of  their 
total  weight.  The  soapy  mass  is  usually  decomposed  with  mineral 
acid  and  boiled  until  a clear  layer  floats  on  the  top.  The  fatty  layer, 
consisting  of  free  fatty  acids  and  neutral  fat,  has  become  a commercial 
article,  and  is  sold  as  soap  stock  (see  Chap.  XVI.). 

The  difficulty  which  cocoa  nut  oil  offered,  in  that  it  became,  on 
solidification,  too  hard  to  be  used  like  butter,  has  been  overcome  by 
passing  the  finished  product  between  rollers  in  a kind  of  milling  or 

1 Cp.  also  Fencller,  Chem.  Revue,  1906,  Nos.  10,  11,  12. 

2 Chem.  Revue,  1907,  302  ; 1908,  3. 
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kneading  machine,  whereby  a “soft  texture”  is  imparted  to  the  cocoa 
nut  oil,  so  that  it  can  be  spread  like  butter  1 (“Kneaded  Cocoa  Nut 
Butter  ”).  In  order  to  prevent  the  partial  melting  of  the  cocoa  nut 
oil  in  the  kneading  machine,  Schlinck2  uses  quickly  rotating  knife- 
blades  which  shred  the  fat  from  solidified  blocks  of  suitable  size. 

The  commercial  success  which  attended  the  introduction  of  some 
of  the  best  brands  of  vegetable  butters  prepared  from  cocoa  nut  and 
palm  kernel  oils  has  acted  as  an  incentive  for  increased  production, 
so  that  in  the  year  1902,  in  Europe  alone,  about  10,000  tons  of 
edible  cocoa  nut  oil  and  palm  nut  oil  butters  were  manufactured. 
In  the  year  1907  the  European  production  was  estimated  to  have 
amounted  to  no  less  than  50,000  to  60,000  tons.  In  consequence  of 
over-production,  and  especially  of  the  introduction  of  inferior  brands 
when  the  price  of  raw  materials  (in  1907)  reached  an  extraordinarily 
high  figure,  the  output  has  somewhat  decreased. 

In  the  United  States  also  considerable  quantities  of  copra  and 
cocoa  nut  oil  are  worked  up  for  vegetable  butter,  especially  since  the 
export  of  raw  material  from  the  Philippines  has  been  largely  diverted 
to  the  United  States. 


Vegetable  butter  from  cocoa  nut  oil  is  brought  into  commerce, 
not  only  in  its  original  white  colour,  but  also  coloured  yellow  in  order 
to  render  it  more  like  margarine  in  appearance.  The  description 
and  analysis  of  a number  of  such  cocoa  nut  butters  have  been  given 
by  Fendler.  In  the  endeavour  to  make  these  products  still  more 
similar  to  butter  (or  margarine),  some  manufacturers  actually 
produce  emulsions  of  cocoa  nut  oil  with  water  and  salt,  egg  yolk  and 
salt,  or  even  milk,  egg  yolk,  and  salt  (see  p.  24).3  In  some  countries 
these  products  undoubtedly  fall  under  the  definition  of  margarine, 
especially  when  they  contain  small  quantities  of  oils  other  than 
cocoa  nut  oil  ( e.g . cotton  seed  oil) ; hence  in  those  countries  they 
must  contain  the  amount  of  sesam6  oil  prescribed  for  margarine. 
The  analyses  of  a number  of  such  emulsified  cocoa  nut  butters  have 
been  published  by  Fendler .4  They  would  be  most  suitably  termed 
“ vegetable  margarines.” 

The  examination  of  these  products  embraces  the  determination  of 
free  fatty  acids  and  ash.  Further  analytical  tests  refer  to  the 
solidifying  point  of  the  fat,  the  titer  test  of  the  fatty  acids,  and  the 
determination  of  unsaponifiable  matter.  The  last-named  test  has 
acquired  some  importance,  as  during  recent  years  paraffin  wax  and 
heavy  paraffin  oil  have  been  frequently  added  to  edible  cocoa  nut  oil 
with  a view  to  imparting  to  it  a butter-like  consistence.  Arnold 5 

1 Cp.  also  G.  Muller,  French  patent  334,366.  A curious  patent  for  rendering 
vegetable  butter  “capable  of  being  spread”  claims  the  addition  of  7 to  8 per  cent  of 
alcohol  (P.  Volesch,  English  patent  18,499,  1907). 

2 German  patent  193,045.  Cp.  also  French  patent  373,996,  and  first  addition 
No.  7751  (P.  D.  Massimi). 

3 Cp.  also  English  patent  12,355,  1907  (A.  M.  Sorensen),  which  claims  the  addition 

of  salt,  sugar,  and  egg  yolk.  4 Chem.  Revue,  1906,  Nos.  10,  11,  12. 

5 Zeit.  /.  (Inters.  JVahrgs.  u.  Genussm.  1908,  xv.  280. 
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found  recently  in  a vegetable  butter  3*9  per  cent  of  unsaponifiable 
matter,  which  consisted  of  a yellow  viscous  liquid  of  the  iodine  value 
2*65,  saponification  value  0,  and  showing  in  the  butyro-refractometer 
74*4  “degrees”  at  40°  C. 

In  judging  a sample  the  chief  importance  must  be  given  to  the 
taste  of  the  product,  and  its  odour  on  warming.  The  detailed 
examination  and  identification  of  the  fatty  matter  is  carried  out 
according  to  the  methods  described  in  earlier  chapters. 

Besides  cocoa  nut  oil  and  palm  nut  oil,  other  tropical  vegetable 
fats,  such  as  margosa  oil,  mowrah  seed  oil,  and  shea  butter,  lend 
themselves  to  the  manufacture  of  vegetable  butters,  and  since  the 
time  the  author 1 has  proposed  these,  such  products  have  been 
manufactured  on  a large  scale  and  placed  on  the  market.  They  are, 
however,  used  to  a large  extent  as  adulterants  of  butter  fat,  instead 
of  as  substitutes. 

The  “ vegetable  butters  ” furnish  the  raw  material  for  the  pro- 
duction of  “ chocolate  fats  ” (see  below). 


(3)  Lard  Substitutes 

French — Succddants  du  saindoux ; Saindoux  artijiciels. 

German — Kunstspeisefett ; Kunstschmalz. 

The  commercial  lard  substitutes  consist  chiefly  of  a mixture  of 
lard,  or  “ lard  stearine,”  with  “ beef  stearine  ” 2 (“  oleostearine  ”), 
cotton  seed  stearine,  cotton  seed  oil,  maize  oil,  arachis  oil,  sesam6  oil, 
cocoa  nut  oil,  and  palm  kernel  oil.  In  the  infancy  of  this  industry 
these  artificial  products  were  sold  under  such  names  as  “refined  lard,” 
“commercial  lard”  (cp.  Yol.  II.  p.  577).  Other  products  ( e.g . “lard 
compound”)  contain  no  lard  whatever,  being  judiciously  prepared 
mixtures  of  beef  stearine  and  cotton  seed  oil,  such  as  described  above 
under  (a).  At  present,  however,  all  lard  substitutes  proper  contain  lard, 
or  at  least  “lard  stearine,”  as  a basis.  The  manufacture  consists  simply 
in  mixing  the  various  fats  and  oils  in  the  melted  state  in  a mixing 
machine,  and  cooling  the  mixture  rapidly  by  running  it  over  cooling 
cylinders  (cp.  “ Lard  ”),  so  as  to  destroy  any  tendency  to  crystallisa- 
tion. The  proportions  of  the  several  ingredients  are  varied,  not  only 
according  to  the  state  of  the  market  values,  but  also  according  to  the 
seasons.  In  summer  the  quantity  of  the  harder  fats  is  increased, 
whereas  in  winter  the  proportion  of  the  more  fluid  constituents 
becomes  higher.  Thus  it  is  feasible  to  place  on  the  market  a product 
of  the  same  consistence  all  the  year  round.  When  mixing  together 
the  various  ingredients  without  the  aid  of  “lard  coolers,”  care  must 
be  taken  that  the  mixture  is  run  out  of  the  mixing  machine  at  the 
proper  temperature. 

1 Lewkowitsch,  Cantor  Lectures:  “ Oils  anil  Fats:  their  Uses  and  Applications,” 
1904. 

2 On  the.  Continent  mutton  stearine  is  used  also. 
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In  order  to  impart  to  the  finished  mixture  a pure  white  colour, 
it  is  usual  to  stir  air  into  the  fat  until  it  acquires  a salve-like  con- 
sistence. The  stirring  with  air  must  not,  however,  be  carried  too 
far,  as  otherwise  the  lard  substitute  not  only  becomes  more  liable  to 
rancidity  but  easily  acquires  a foamy  consistence. 

In  some  German  works  lard  substitutes  are  finally  treated  with 
onions  and  condiments,  so  as  to  impart  to  the  product  the  taste  of  a 
cooking  fat.  They  are  frequently  sold  under  the  name  “ Bratenfett  ” 
(“culinary  fat,”  “dripping”). 

The  examination  of  these  substitutes  is  carried  out  on  the  lines 
fully  indicated  under  “Lard”  (Vol.  II.  Chap.  XIV.  p.  577). 

The  quantitative  determination  of  the  constituent  fats  of  a given 
lard  substitute  is  a difficult  problem,  which  cannot  always  be  solved 
satisfactorily. 

The  proportion  of  cotton  seed  oil  can  be  calculated  approxi- 
mately from  the  iodine  value  of  the  liquid  fatty  acids  of  the  sample 
and  the  iodine  values  of  the  liquid  fatty  acids  of  lard  and  cotton 
seed  oil.  For  the  last  two  products  mean  values  must  be  assumed. 
In  the  second  edition  of  this  work  (pp.  682,  683)  formulas  were 
given  permitting  to  calculate  approximately  the  proportion  of  cotton 
seed  oil;  they  had,  however,  been  omitted  in  the  third  edition  of 
this  work,  as  yielding  far  too  uncertain  results.  More  recently 
JFesson  and  Lane,1  basing  themselves  on  a series  of  experiments, 
proposed  for  the  approximate  calculation  of  the  cotton  seed  oil  in  a 
lard  substitute,  the  following  formula  : — 


where 

a = Iodine  value  of  liquid  fatty  acids  in  the  sample. 
b = Iodine  value  of  liquid  fatty  acids  of  lard.  * 
c = Iodine  value  of  liquid  fatty  acids  of  cotton  seed  oil. 
j = Per  cent  of  liquid  fatty  acids  found. 
k = Per  cent  of  liquid  fatty  acids  in  cotton  seed  oil. 
x = Per  cent  of  cotton  seed  oil. 

The  results  are  stated  to  be  nearly  correct  if  the  separation  of 
the  solid  from  the  liquid  fatty  acids  is  effected  with  petroleum  ether. 
If  ethylether  be  employed  the  results  are  said  to  be  from  3 to  5 per 
cent  too  low.  JFesson  and  Lane  propose  to  determine  the  amount 
of  oleostearine  by  subjecting  the  sample  to  JFessoris  cooling  test.  The 
principle  of  this  test  rests  on  the  observation  that  a mixture  of 
oleostearine  and  cotton  seed  oil  of  known  titer  test  crystallises  at  a 
much  higher  temperature  than  does  pure  lard  of  the  same  titer,  and  on 
the  further  observation  that  a mixture  of  lard  oil  and  lard  stearine 
crystallises  at  a much  lower  temperature  than  does  a mixture  of  the 
same  amount  of  lard  oil  with  oleostearine.  The  approximate  amount 
of  oleostearine  in  a given  lard  substitute  may  therefore  be  derived 
1 Journ.  Soc.  Chem.  Ind.  1905,  714. 
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by  observing  the  manner  of  its  crystallisation  side  by  side  with  that  of 
a known  mixture,  in  an  apparatus  fitted  up  as  follows  : — A piece  of 
wood  about  eight  inches  square  and  half  an  inch  thick  is  pierced  with 
eight  holes,  in  which  (up  to)  seven  test  tubes  and  a thermometer  are 
inserted.  This  board  is  laid  on  the  top  of  a 600-c.c.  beaker.  The 
beaker  itself  is  fitted  into  a thin  piece  of  board,  which  in  its  turn  is 
laid  on  the  top  of  a wider  beaker,  holding  about  2000  c.c. 

After  the  amount  of  cotton  seed  oil  has  been  ascertained  with 
the  help  of  the  above-given  formula,  the  titer  test  of  the  sample  is 
determined  in  the  manner  directed  by  Circular  No.  22  of  the 
United  States  Department  of  Agriculture  (see  Yol.  I.  Chap.  VIII.), 
and  the  approximate  amount  of  oleostearine  (the  average  titer  of 
which  is  taken  as  50°  C.)  in  it,  x,  is  calculated  with  the  aid  of  the 
following  formula : — 


a-b'  — 


3700  - 376 
100 


0*138 


where 

a = Titer  test  of  the  sample. 
b = The  percentage  of  cotton  seed  oil  found. 

b'  — The  figure  33  is  the  average  titer  of  cotton  seed  oil 

and  37  the  average  titer  of  lard. 


Thus,  in  a given  sample,  the  amount  of  cotton  seed  oil  was  found  to 
be  40  per  cent  and  the  titer  test  38°  C.,  whence  the  proportion  of 
oleostearine  was  calculated  as  20  per  cent. 

A number  of  standard  mixtures  are  then  made  up,  one  containing 
the  amount  of  cotton  seed  oil,  oleostearine,  and  lard  as  calculated, 
the  others  5 and  2*5  per  cent  above  and  below  the  amount  of  oleo- 
stearine indicated  by  the  last  formula.  The  standards  and  the 
original  sample  are  carefully  dried  and  filtered  (as  moisture  or  solid 
particles  of  dust  seriously  interfere  with  the  results).  The  test  tubes 
are  half-filled  with  the  samples  and  kept  at  the  same  temperature  in 
a beaker  filled  with  hot  water.  The  600-c.c.  beaker  is  then  filled 
wdth  boiled-out  distilled  water,  and  allowed  to  cool  to  about  40°  C., 
according  to  the  melting  point  of  the  sample.  The  test  tubes  are 
next  corked,  put  through  the  holes  of  the  board  and  placed  on  the 
600-c.c.  beaker,  so  that  the  lower  ends  are  at  a distance  of  about 
half  an  inch  from  the  bottom  of  the  beaker.  The  thermometer  is  so 
inserted  that  its  bulb  is  in  the  lower  half  of  the  water.  The  600-c.c. 
beaker  is  then  placed  in  the  2 000 -c.c.  beaker,  and  the  apparatus 
allowed  to  cool.  When  the  oleostearine  commences  to  separate  in 
the  sample,  it  is  compared  with  that  standard  test  tube  wrhich  most 
closely  approximates  it  in  appearance.  Thus  the  amount  of  oleo- 
stearine present  in  the  sample  is  arrived  at  with  some  accuracy. 
The  first  indications  of  crystallisation  are  generally  correct,  but  must 
not  be  taken  as  decisive,  for  with  the  further  fall  of  the  temperature 
another  standard  might  yield  a more  correct  figure.  The  authors 
of  this  method  state  that  the  results  are  accurate  to  about  2 per  cent, 
and  that  3 per  cent  to  5 per  cent  of  oleostearine  in  a lard  substitute 
can  be  easily  detected. 
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The  examination  of  the  unsaponifiable  matter  should  not  be 
omitted,  since  patents  have  even  been  taken  out  for  lard  substitutes 
containing  mineral  oils.  * 

The  extent  which  the  lard  substitutes  industry  has  reached  may 
be  gathered  from  the  following  table,  in  which  the  amounts  of  lard 
substitutes  and  lard  compounds  (cottolene,  lardine,  etc.)  exported 
from  the  United  States  are  given  : — 


1 

Year. 

Lbs. 

Dollars. 

1896 

1,709,923 

102,279 

1897 

16,261,991 

857,708 

1898 

21,343,028 

1,118,659 

1899 

22,144,717 

1,200,231 

1900 

25,852,685 

1,475,064 

1901 

23,359,966 

1,559,878 

1902 

36,201,744 

2,687,653 

1903 

46,130,004 

3,607,542 

1904 

53,603,545 

3,581,813 

1905 

61,215,187 

3,613,235 

1906 

67,621,310 

4,154,183 

1907 

6,166,910 

(4)  Cacao  Butter  Substitutes — Chocolate  Fats 

The  natural  chocolate  fat  is  cacao  butter  (Yol.  II.  p.  475). 

The  best  chocolates  were  formerly  made  from  the  comminuted 
cacao  bean  mass  by  the  addition  of  sugar,  etc.  Thus  the  whole  of  the 
natural  fat  was  left  in  the  mixture.  Lower  kinds  of  chocolate  were 
obtained  by  expressing  the  mass,  leaving  only  about  30  per  cent  or 
even  10  per  cent  or  12  per  cent  of  cacao  butter,  and  replacing  the 
removed  cacao  butter  by  cheaper  fats.  Since  a demand  for  “fondants” 
and  “pralindes”  has  arisen,  the  amount  of  fat  naturally  present  in  cacao 
beans  no  longer  suffices  for  the  satisfactory  manufacture  of  these 
products,  and  a further  amount  of  fat  is  required.  This  is  furnished 
by  those  works  which  prepare  cacao  powder,  or  have  a surplus  of  cacao 
butter  from  the  manufacture  of  low -class  chocolates.  A greatly 
increased  demand  for  cacao  butter  has  also  arisen  since  it  was  found 
that  for  each  part  of  cacao  fat  added  to  the  mass,  six  parts  of  flour 
could  be  admixed  without  altering  the  appearance  of  the  finished 
chocolate. 

Cacao  butter  being  one  of  the  most  expensive  fats,  a demand 
for  cheap  substitutes  has  arisen.  Animal  fats  are,  as  a rule, 
unsuitable  for  chocolate  manufacture,  for,  unless  they  are  refined 
carefully,  they  are  apt  to  impart  an  unpleasant  flavour  (“animal 
flavour  ”)  to  the  chocolate.  Hence  chocolate  fat  substitutes  are  mostly 
prepared  from  vegetable  fats. 

The  chocolate  fat  substitutes  in  vogue  at  present  are  obtained  from 
cocoa  nut  oil  or  palm  kernel  oil,  refined  as  described  under  (/3) 
“Vegetable  Butters.”  The  original  oils  being  too  “soft,”  i.e.  having 
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too  low  a melting  point,  the  “ stearines  ” from  cocoa  nut  oil  and  palm 
kernel  oil  are  prepared  by  melting  the  refined  cocoa  nut  oil  and  palm 
kernel  oil,  and  allowing  to  cool  down  to  a suitable  temperature  so 
that  the  glycerides  of  the  solid  fatty  acids  crystallise  out.  The 
partly  solidified  mass  is  then  expressed  in  hydraulic  presses  (much  in 
the  same  fashion  as  “ premier  jus  ” is  obtained)  to  remove  the  cocoa 
nut  or  palm  kernel  “ oleine.”  According  to  the  length  of  time  during 
which  the  crystallised  mass  is  allowed  to  stand  under  pressure,  and 
according  to  the  pressure  and  temperature  employed,  the  melting 
point  of  the  cocoa  nut  or  palm  kernel  stearine  varies. 

In  the  following  table  the  results  of  an  examination  of  a number 
of  substitutes,  carried  out  in  the  author’s  laboratory,  are  given  (cp. 
also  the  physical  and  chemical  characteristics  tabulated  Vol.  II. 
p.  517):— 


Cacao  Butter  Substitutes  ( LewJcowitsch ) 


No. 

Acid 

Value. 

Saponification 

Value. 

Iodine 

Value. 

Melting  Point 
(Closed  Capillary  Tube). 

Reichert-Meissl 

Value. 

1 

0-43 

250*81 

° C. 

28-3-28-5 

3-52 

2 

1-63 

236-52 

28-3-28-85 

4-03 

3 

0-392 

250-21 

27-7 

4-20 

4 

0-971 

249-01 

31-6 

4-89 

5 

0-825 

233-46 

31-62 

3-48 

6 

0-55 

247-99 

27  "75 

3-24 

7 

254-3 

6 "6 

25 

6-34 

8 

28-6 

3-63 

9 

0-311 

244-4 

8'40 

26-6 

7-48 

10 

0-484 

241-9 

9-67 

27-2 

8-1 

11 

29-4-30*2 

12 

0-248 

(31  "6  over  mercury) 

13 

0-236 

14 

0-19 

15 

1-34 

16 

1-52 

17 

1-44 

Since  the  melting  points  of  the  commercial  cocoa  nut  “stearines” 
(sold  under  fancy  names,  such  as  “cacaoline,”  “cocoline,”  etc.)  are 
still  somewhat  too  low  for  the  purposes  of  the  chocolate  manufacturer, 
they  in  their  turn  are  being  “ stiffened,”  i.e.  adulterated,  with  small 
quantities  of  animal  fats.  It  has  even  been  stated  that  Japan  wax1 
has  been  admixed  to  raise  the  melting  point.  Mineral  waxes,  like 
paraffin  wax,  and  ceresin,  should  be  considered  as  inadmissible 
adulterants,  as  they  are  indigestible. 

Sachs  2 states  that  dika  fat,  Borneo  tallow,  and  illip6  oil  are  used 
as  chocolate  fats,  either  alone  or  in  admixture  with  cocoa  nut  and 
palm  nut  stearines.3 

1 Possetto,  Giorn.  Farm.  Chim.  1901  (51),  337.  2 Chem.  Revue , 1908,  9. 

3 Cp.  Lewkowitsch,  Cantor  Lectures  : “ Oils  and  Fats : their  Uses  and  A p plications,” 
1904. 


XV 


BURNING  OILS — ILLUMINATING  OILS 


45 


The  examination  of  these  products  embraces  the  determination 
of  the  melting  point,  detection  of  unsaponifiable  matter  and  of  animal 
fats.  (See  Appendix.) 


Under  the  heading  of  edible  oils  and  fats  would  also  seem  to 
fall  those  oils  and  fats,  or  preparations  containing  them  to  a pre- 
ponderant extent,  that  are  used  for  medicinal  purposes.  They  can 
only  be  noticed  very  briefly  in  this  work : — 

1.  Effervescent  Oils.  (Seep.  16.) 

2.  Phosphorised  Oils. — (French — Huiles  phosphorus.  German — 
Phosphorole.) — These  oils  are  prepared  by  dissolving  dry  phosphorus 
in  edible  oils  in  the  absence  of  air.  The  quantity  of  dissolved 
phosphorus  is  about  1 per  cent  (cp.  Yol.  I.  Chap.  IV.).  The  most 
suitable  oil  for  the  manufacture  of  phosphorised  oil  is  said  to  be 
almond  oil ; 1 the  oxidation  of  the  phosphorus  is  best  prevented  by 
the  addition  of  1 per  cent  of  limonene. 

3.  Castor  Oil  Preparations. — In  order  to  render  castor  oil  less 
distasteful  when  taken  internally,  preparations  are  put  on  the 
market,  made  by  evaporating  a mixture  of  castor  oil  with  milk  until 
a dry  powder  is  obtained  (Winternitz 2),  or  by  mixing  salts  of  casein 
and  milk  sugar  with  castor  oil.3 

With  the  same  object  in  view,  namely,  to  convert  castor  oil  into 
the  form  of  a dry  powder,  emulsions  of  this  oil  with  gum  arabic  are 
mixed  with  magnesia  powder  and  lecithin. 


II.— BUKNING  OILS.  ILLUMINATING  OILS 

French — Huiles  d’folairage,  Huiles  a brulen.  German — Brennole , 
Leuchtole.  Italian — Olii  da  lumi 

In  the  earliest  stages  of  the  history  of  the  human  race  animal 
fats  were  used  as  illuminants.  No  doubt  the  first  torches  were  made 
with  the  aid  of  blubber  oils,  bear  fat,  deer  fat,  etc.  The  employment 
of  vegetable  oils  for  illuminating  purposes  must  have  constituted  an 
important  progress,  as  not  only  receptacles  for  the  oil  but  also  wicks 
(made  from  the  pith  of  rushes)  had  to  be  invented.  In  semi-civilised 
countries  every  kind  of  oil  or  fat  that  was  obtainable  locally  would 
thus  have  been  pressed  into  the  service  of  man,  and  it  must  be 
ascribed  to  this  circumstance  that  even  at  present  in  these  countries 
fatty  oils  and  fats  are  used  exclusively  as  burning  oils.  Thus  even 
butter  fat  serves  to-day  as  a burning  oil  in  the  lamaseries  of  Tibet. 

1 Korte,  Pharm.  Zeit.  1908,  53,  655.  With  regard  to  the  keeping  properties  of 
phosphorised  cod  liver  oil,  cp.  Heiduschka,  Archiv  f.  Kinderheilkunde,  1906  (33),  1. 

2 German  patent  150,554.  3 German  patent  152,596. 


46  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  ch. 


Up  to  the  middle  of  the  last  century  fatty  oils  (olive  oil  and  rape 
oil)  were  the  illuminants  throughout  Europe  ; even  at  present  linseed 
oil  and  castor  oil  are  largely  used  as  burning  oils  in  India,  as  is  tung 
oil  in  Japan. 

Although  the  development  of  the  mineral  oil  industry  has  caused 
a great  reduction  in  the  amount  of  fatty  oils  used  for  illumination, 
nevertheless  their  employment  is  still  considerable.  Thus  enormous 
quantities  of  rape  oil  are  used  on  the  railways  in  this  country,  as  is 
lard  oil  in  the  United  States,  and  olive  oil  in  Italy.  The  best  brands 
of  seal  oil  and  whale  oil  are  employed  as  illuminants  in  lighthouses. 
Whale  oil  in  Norway  serves  largely  for  lighting  the  streets. 

The  technical  preparation  of  these  oils  has  been  described  in  the 
foregoing  chapter.  Their  examination  comprises  tests  for  purity  and 
the  determination  of  free  fatty  acids.  The  former  include  the 
detection  of  mucilaginous  substances  and  of  other  impurities,  such  as 
mineral  substances  (ash),  the  presence  of  which  is  due  to  faulty 
refining.  The  impurities  rise  with  the  oil  in  the  wick  and  are  apt 
to  clog  it  up,  so  that  carbon  is  deposited  and  the  flame  becomes 
smoky. 

The  determination  of  the  free  fatty  acids  is  important,  as  oils 
containing  more  than  5 per  cent  of  free  fatty  acids  are  unsuitable 
for  burning,  since  they  also  cause  charring  of  the  wick  and  produce 
a smoky  flame.  As  rape  oil  is  usually  refined  with  sulphuric  acid, 
burning  oils  must  be  tested  for  mineral  acids  by  shaking  a some- 
what laro-e  quantity  of  the  oil  with  warm  water  and  examining  the 
aqueous  solution  (cp.  Yol.  I.  Chap.  IV.  “Lubricating  Oils”). 

Since  drying  oils  and  the  semi-drying  oils  of  the  cotton  seed  oil 
group  are  unsuitable,  their  absence  in  a given  burning  oil  must  be 
ascertained  by  the  methods  given  in  the  foregoing  chapter. 

The  importance  of  these  tests  to  large  consumers  may  be  gathered 
from  the  fact  that  lard  oil  adulterated  with  25  percent  of  cotton  seed 
oil  will  not  burn  for  longer  than  six  to  eight  hours  without  clogging 
the  wick,  whereas  pure  lard  oil  will  burn  as  long  as  twelve  to  fourteen 
hours. 

The  semi-drying  oils  belonging  to  the  rape  oil  group  occupy  a 
prominent  place  amongst  the  burning  oils  in  general  use.  The  most 
important  member  of  this  group  is  rape  oil  (East  Indian,  German, 
French)  itself.  The  best  quality  is  represented  by  an  expressed  oil ; 
extracted  oil  is  less  suitable.  Jamba  oil  is  distinctly  inferior  to  the 
genuine  rape  seed  oils,  for  although  it  may  be  considered  a good 
burning  oil,  it  does  not  burn  as  well  as  does  “ colza  oil.”  Colza  oil 
will  burn  for  days  without  charring  the  wrick,  but  Jamba  oil  clogs 
the  threads  much  sooner.  Jamba  oil  in  its  turn  is  superior  as  a 
burning  oil  to  ravison  oil,  and  therefore  takes  its  place  between 
ravison  oil  and  best  East  Indian  rape  oil. 

Of  the  non-drying  oils  olive  oil  was,  and  still  is,  extensively  used 
in  the  Mediterranean  countries,  especially  in  Italy  and  Greece.  No 
doubt  to  the  latter  country  is  due  the  custom  of  the  Greek  Orthodox 
Church  to  burn  olive  oil  before  the  ikons.  Olive  oil  for  ritual  pur- 
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poses,  “sanctuary  oil,”  is  now  being  fraudulently  substituted  in 
Russia  by  mixtures  of  cocoa  nut  oil  (35  parts),  rape  oil  (5  parts), 
and  mineral  oil  (65  parts  of  the  specific  gravity  0'86). 


A large  number  of  oils  bearing  fancy  names,  such  as  “ signal  oils,” 
“ weather  oils,”  are  mixtures  of  fatty  oils  with  mineral  oils.  These 
are  examined  according  to  the  methods  described  under  the  heading 
“Lubricating  Oils.” 


III.— PAINT  OILS 

French — Huiles  siccatives.  German — Malerdle. 

Under  the  term  “paint  oils”  are  comprised  those  vegetable  oils 
which  are  used  as  vehicles  for  applying  pigments  to  the  surface  of 
bodies,  either  as  a preservative  or  for  decorative  purposes.  Only 
the  vegetable  drying  oils  are  useful ; the  paint  oil  par  excellence  is 
linseed  oil.  In  the  manufacture  of  high-class  white  paints  for  the 
use  of  artists,  walnut  oil  and  poppy  seed  oil  are  employed  in  con- 
siderable quantities.1  The  semi-drying  oils,  such  as  cotton  seed  oil 
and  maize  oil,  are  unsuitable  as  paint  oils. 

The  examination  of  these  oils  chiefly  embraces  tests  for  purity. 
The  detection  of  adulterants,  such  as  mineral  oils,  rosin  oils,  and 
fish  oils,  has  been  fully  described  under  the  heading  of  linseed  oil, 
etc.  Fish  oils,  especially  menhaden  oil,  were  used  in  considerable 
quantities  to  adulterate  linseed  oil  when  the  price  of  the  latter  was 
high,  and  a large  number  of  linseed  oil  substitutes,  consisting  of 
linseed  oil  adulterated  with  fish  oil,  mineral  oils,  and  rosin  oils,  were 
then  placed  on  the  market.  Adulteration  has,  however,  become 
much  less  frequent. 

If  the  oil  in  a ready  mixed  paint  has  to  be  determined  quanti- 
tatively, the  oil  must  be  separated  from  the  pigment  by  extraction 
with  ether.  The  examination  of  the  oil  itself  is  carried  out  by  the 
methods  detailed  in  the  foregoing  chapters. 

In  judging  of  the  value  of  a drying  oil  for  making  paints,  the 
effect  of  the  pigment  with  which  the  oil  is  to  be  ground  must  not 
be  lost  sight  of,  inasmuch  as  some  pigments  greatly  facilitate  the 
drying,  whereas  others  so  much  retard  it  that  driers  must  necessarily 
be  added.2 

It  should  be  noted  that  oils  extracted  by  solvents  are  not  suitable 
for  paint  oils. 

Since  paints  for  common  use  are  chiefly  prepared  with  “ boiled 
oils,”  the  reader  is  referred  for  further  information  to  the  section  on 
“Boiled  Oils”  (p.  102). 

1 Cp.  E.  Tauber,  Chem.  Zeit.  1909,  85  ; 94. 


2 Cp.  Lotter,  Chem.  Zeit.  1894,  1696. 
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IV.—  LUBRICATING  OILS— LUBRICANTS 

French — Huiles  lubrifiantes,  Huiles  de  graissage.  German — Schmierole, 
Schmiermittel.  Italian — Olii  lubrifianti. 

Before  the  advent  of  the  industry  of  preparing  lubricating  oils 
from  mineral  oils,  especially  those  from  petroleum,  the  lubricating 
oils  in  use  were  almost  exclusively  represented  by  fatty  oils,  solid 
fats,  and  liquid  waxes  (see  “ Technology  of  Waxes,”  below).  Hence 
the  examination  of  lubricating  oils  formed  a distinct  province  of  fat 
analysis.  Within  the  last  decades  the  mineral  oil  industries  have 
made  such  striking  advances  that  their  products  have  greatly  restricted 
the  employment  of  fatty  oils  for  lubricating  purposes  and  practically 
relegated  these  to  a subsidiary  position,  inasmuch  as  they  are  chiefly 
used  in  admixture  with  mineral  oils.  Hence  mineral  oils,  and  mix- 
tures of  fatty  oils  with  mineral  oils,  must  be  considered  here  briefly. 

The  solid  lubricating  greases  also  fall  within  the  purview  of 
fat  analysis,  and  will  therefore  be  dealt  with  at  the  end  of  this 
section. 

Owing  to  the  great  technical  importance  of  this  subject,  a number 
of  works  have  been  published  treating  solely  of  lubricating  oils  and 
lubricants.  Here  only  a concise  survey  of  the  subject  can  be  given, 
and  readers  requiring  special  information  must  be  referred  to  the 
works  mentioned  in  the  footnote.1  I subdivide  the  lubricants  into 
four  groups  : — 

1.  Fats  (Fatty  Oils  and  Solid  Fats) — Liquid  Waxes. 

2.  Mineral  Oils. 

3.  Blended  Oils  (Mixtures  of  Groups  1 and  2). 

4.  Greases,  Solid  Lubricants. 

Strictly  speaking,  the  “ wool  oils  ” belong  to  lubricating  oils,  but  for 
practical  reasons  it  is  more  convenient  to  consider  them  under  a 
special  heading  (see  below). 

In  a wider  sense  also  aqueous  emulsions  of  soap  and  oils  used  for 
purposes  of  lubrication  belong  to  the  lubricating  oils.  They  will  be 
treated  of  more  conveniently  under  the  separate  heading  “ Emulsi- 
fied Oils  ” (“  Emulsion  Oils  ”). 


1.  FATTY  OILS  AND  SOLID  FATS— LIQUID  WAXES 

The  most  important  fatty  oils  used  as  lubricants  are  tallow  oil, 
lard  oil,2  neat’s  foot  oil,  olive  oil,  rape  oil,  and  castor  oil.  Tallow 

1 Grossmann,  Die  Schmiermittel ; Wiesbaden,  1894.  Carpenter-Leask,  Soaps  and 
Candles,  chap.  xii.  (written  by  J.  Veitch  Wilson).  Holde,  Die  Untersuchung  der  Schmier- 
mittel ; Berlin,  1897.  Archbutt  and  Deeley,  Lubrication  and  Lubricants  ; London,  1900. 
P.  Tetedoux  et  Georges  Franche,  Le  graissage  industriel ; Paris,  1904. 

2 Lard  oil  was  up  to  recently  the  standard  oil  used  by  the  United  States  Navy 
Department  when  testing  lubricating  oils. 
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also  is  still  largely  employed.  For  delicate  machinery  hazel  nut 
oil,  ben  oil,  porpoise  oil,  and  dolphin  oil  (black  fish  oil)  have  come 
into  vogue.  Cocoa  nut  oil  is  not  suitable  for  lubrication. 

The  vegetable  drying  oils,  the  semi-drying  oils  belonging  to  the 
cotton  seed  oil  group,  fish  oils,  liver  oils,  and  blubber  oils  (with  the 
exception  of  porpoise  and  dolphin  oils)  are  not  suitable  for  lubricating 
purposes ; hence  their  admixture  with  the  above-named  lubricating 
oils  must  be  looked  upon  as  adulteration. 

The  liquid  waxes,  sperm  oil  and  Arctic  sperm  oil,  which  are 
fittingly  considered  here,  are  excellent  lubricants,  and  are  used  almost 
exclusively  for  the  lubrication  of  light  machinery  and  of  spindles. 

The  manufacturing  and  refining  processes  have  been  described 
under  the  heading  of  each  oil,  fat,  and  wax  in  the  foregoing  chapter, 
where  also  the  methods  of  detecting  adulterants  will  be  found.  The 
amount  of  unsaponifiable  matter  in  the  vegetable  and  animal  lubri- 
cating oils  should  be  small.  The  liquid  waxes  yield,  of  course, 
considerable  quantities  of  alcohols,  which  are  comprised  in  practice 
under  the  name  “ unsaponifiable  matter.” 

2.  MINERAL  OILS 

The  mineral  oils  used  for  lubricating  purposes  are  chiefly  derived 
from  crude  petroleum,  shale,  and  lignite.  They  are  represented  by 
hydrocarbons  (saturated,1  closed-chain  hydrocarbons  [naphthenes], 

1 unsaturated)  boiling  above  300°  C.  Their  specific  gravities  lie 
above  0*840. 

With  the  exception  of  Texas  oils,  which  yield  spindle  oils  of 
! specific  gravities  from  0*918  to  0*955,  the  oils  of  a specific  gravity 
up  to  0*900  are  almost  exclusively  products  of  distillation.  The 
j mineral  oils  derived  from  crude  petroleum  are  obtained  by  simple 
distillation,  after  the  hydrocarbons  boiling  below  300°  C.  have  been 
driven  off,  in  a current  of  steam  with  or  without  the  aid  of  vacuum. 

| The  mineral  oils  then  pass  over  practically  without  undergoing  any 
| decomposition.  Shale  oils  and  lignite  oils  are  obtained  by  destruc- 
! tively  distilling  shale  and  lignite  respectively. 

Mineral  lubricating  oils  of  a specific  gravity  exceeding  0*910 
are  either  “ concentrated  ” (“  reduced  ”)  oils,  or  distilled  oils.  The 
| former  are  obtained  by  distilling  off  the  lower  boiling  hydrocarbons 
I from  petroleum  until  a residue  of  such  concentration  remains  behind 
that,  after  refining  by  filtration,  etc.,  it  becomes  suitable  for  lubricat- 
! ing  purposes.  The  latter  oils  are  prepared  by  distilling  the  residues, 

I obtained  after  removing  the  lower  boiling  hydrocarbons,  in  a current 
of  steam  at  the  ordinary  pressure  or  in  a vacuum,  so  as  to  prevent 
“cracking.”  Distilled  oils  containing  products  of  destructive  dis- 
tillation are  unsuitable  for  lubricating  purposes. 

1 Mattery  and  Mathews  ( Journ . Amer.  Chem.  Soc.  1908,  992)  show  that  the 
saturated  hydrocarbons,  CnH2n+2,  have  very  little  lubricating  value  ; on  comparing  oils 
having  the  same  boiling  points,  but  belonging  to  different  series,  it  is  found  that  the 
■ I viscosities  and  specific  gravities  increase  with  the  decrease  of  hydrogen  in  the  molecule. 

VOL.  Ill  E 
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Tar  oils1  are  chiefly  employed  as  admixtures  to  “greases”  (cp. 
below). 

A description  of  the  details  of  the  manufacture  of  these  oils  falls 
outside  the  scope  of  this  treatise. 


3.  BLENDED  OILS 

Mineral  oils  are  miscible  with  all  fatty  oils — excepting  castor 
oil — and  liquid  waxes.  Extensive  use  is  made  of  this  property  in 
practice ; hence  a large  number  of  commercial  lubricating  oils  con- 
sist of  a mixture  of  the  two  kinds  of  oils.  Castor  oil  can  be  made 
miscible  to  a certain  extent  with  mineral  oils  by  mixing  it  first  with 
a fatty  oil  such  as  tallow  oil.  The  solubility  of  castor  oil  in  some 
lubricating  oils  is  given  in  the  following  table  due  to  Archbutt 2 : — 


Miscibility  of  Castor  Oil  with  Mineral  Oils 


Mineral  Oil. 

Specific  Gravity 
at  15*5°  C. 

c.c.  of  Mineral  Oil 
miscible  with 
10  c.c.  of  Castor  Oil 
at  59°  F. 

Scotch  shale  . 

0'865 

3-7 

99  9 9 • 

0-890' 

2-45 

American 

0-907-0-912 

1-7 

In  order  to  render  castor  oil  more  readily  soluble  in  mineral  oils, 
Nordlinger 3 first  heats  the  castor  oil  to  about  300°  C.  under 
ordinary  pressure.  Other  patentees  heat  the  oil  to  300°  C.  in  an 
autoclave.4  It  should,  of  course,  be  remembered  that  castor  oil 
thereby  undergoes  a very  important  chemical  change  (cp.  Yol.  II. 
p.  324,  and  below).  “ Blown  oils  ” (see  below)  also  are  largely  mixed 
with  mineral  oils  or  with  blends  of  mineral  oils  and  fatty  oils.  In 
this  connection  it  may  be  pointed  out  that  paraffin  oils  of  different 
origin  show  striking  differences  as  regards  miscibility  with  fatty  oils. 


4.  GREASES— SOLID  LUBRICANTS 

This  class  of  lubricants  is  prepared  from  a great  variety  of  fatty 
oils,  solid  fats,  mineral  oils,  tar  oils,  rosin  oils,  alkali  soaps  of  fatty 
acids  or  (and)  rosin  acids,  and  from  lime-  and  aluminium  soaps  of 
fatty  acids  or  (and)  rosin  acids.  These  greases  are  either  solid  or  semi- 
solid (jelly-like,  gelatinous)  at  the  ordinary  temperature.  In  some 
cases  water  is  introduced  together  with  the  soaps  ; in  others  weighting 
substances,  or  talcum,  or  plumbago,  are  mixed  into  the  fatty  sub- 
stance. The  examination  of  these  lubricants  will  be  detailed  below. 

1  For  a lubricating  oil  from  water  gas  tar  cp.  T.  O.  Kent,  German  patent  194,372. 

2  Archbutt  and  Deeley,  Lubrication  and  Lubricants,  p.  110. 

3  German  patent  104,499.  4 Olwerke,  Stern-Sonneborn. 
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Examination  and  Valuation  of  Lubricating*  Oils 

The  examination  of  the  lubricating*  oils  described  under  (1),  (2), 
and  (3)  embraces  the  application  of  physical  and  chemical  methods. 
These  may  be  supplemented,  in  the  case  of  large  users,  by  mechanical 
tests. 


I.  Physical  Tests 

The  physical  tests  comprise  the  determination  of  the  specific 
gravity,  the  viscosity,  the  freezing  point,  the  flash  point,  and  of  the 
ignition  point. 

Specific  Gravity.  — This  is  determined  as  described  Vol.  I. 
Chap.  V.  It  may  again  be  pointed  out  that  this  characteristic  affords 
little  or  no  information  as  regards  the  lubricating  power  of  an  oil. 
The  specific  gravity  number  is,  however,  useful  in  determining  the 
kind  of  work  for  which  a lubricating  oil  is  suitable,  and  serves  as  a 
test  of  identity  ( e.g . of  Borneo  oil,  which  is  characterised  by  very  high 
specific  gravity,  see  Vol.  I.  Chap.  IX.),  and  assists  in  directing 
attention  to  adulteration  with  rosin  oils  or  tar  oils  (cp.  Vol.  I. 
Chap.  IX.). 

Viscosity. — For  its  determination  compare  Vol.  I.  Chap.  V. 
The  viscosity  number  does  not  furnish  an  absolute  means  of 
determining  the  lubricating  value  of  an  oil,  although  it  enables  one 
to  draw  certain  conclusions.  Thus,  if  the  viscosity  is  low,  the  film 
of  oil  which  keeps  the  bearings  of  rapidly  moving  machinery  apart 
is  not  sufficiently  developed  to  keep  the  metal  surfaces  asunder, 
and  therefore  the  friction  between  them  is  not  sufficiently  diminished. 
Again,  if  the  viscosity  of  an  oil  be  high,  the  resistance  of  the  film 
is  so  great  that  heating  occurs,  and  the  bearings  become  warm,  or 
even  hot,  the  heat  so  generated  being  proportional  to  the  internal 
friction  of  the  oil,  or,  in  other  words,  to  its  viscosity.  That  oil  will 
prove  the  best  which  under  given  conditions  of  speed,  pressure,  and 
temperature  has  the  lowest  permissible  viscosity.  Petroff,1  rejecting 
the  usual  method  of  determining  the  viscosity,  prefers  to  measure  the 
internal  friction  of  oils,  i.e.  the  absolute  viscosity.  More  recently 
Archbutt  and  Deeley  2 determined  the  absolute  viscosities  3 of  glycerin 
and  water.  Since,  however,  the  viscosity,  expressed  in  terms  of 
absolute  viscosity,  is  not  likely  to  replace  in  the  immediate  future 
the  customary  manner  of  expressing  viscosity ; furthermore,  since  it 
would  follow  from  Petroff’s  observations  that  at  a given  temperature 
the  order  of  the  oils  with  respect  to  their  internal  frictions  is  the  same 
as  that  of  their  lubricating  powers  and  their  viscosities  as  ascertained 
in  the  usual  manner,  the  reader  must  be  referred  for  further  in- 
formation on  absolute  viscosity  to  Archbutt  and  Deeley' 's  work. 

1  Grossmann,  Die  Schmiermittel,  pp.  42-49.. 

2  Archbutt  and  Deeley,  Lubrication  and  Lubricants,  p.  126. 

3  Cp.  also  Chenevier,  Moniteur  Scient.  1898,  785. 
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If  it  is  desired  to  examine  the  unsaponifiable  portion  of  a blended 
oil  viscosimetrically,  the  viscosimeters  described  in  Chapter  VI.  will, 
as  a rule,  be  found  too  large.  In  such  cases  Kunlcler’s  viscosimeter, 
requiring  only  30  c.c.,  may  be  found  useful. 

Kiinkler’s 1 viscosimeter  (Fig.  2)  consists  of  a sheet-brass  oil-bath 
or  water-bath,  w , provided  with  a copper  bottom.  The  contents  of 
the  bath  may  be  heated  by  a gas-burner.  The  temperature  of  the 
heating  liquid  is  read  off  a thermometer  held  by  x.  The  bath  con- 
tains the  removable  stand  d placed  firmly  on  four  legs,  and  supported 


by  two  brackets  h.  In  this  stand  fits  the  viscosimeter,  made  of  strong 
glass  and  consisting  of  the  charging-funnel  Jc,  the  bulb  e bearing  the 
mark  /,  the  capillary  tube  c , the  lower  bulb  a,  and  the  ascending 
tube  b.  The  whole  apparatus  is  held  in  position  by  the  spring- 
clamp  i.  The  temperature  of  the  contents  of  the  viscosimeter  is 
controlled  by  a thermometer  fixed  in  Jc.  The  ascending  tube  b is 
supported  by  l ; it  is  fitted  with  a tap  m,  and  connected  by  means 
of  india-rubber  tubing  with  the  suction  apparatus  r,  in  which  the 
mercury  used  for  aspirating  the  oil  is  allowed  to  rise  up  to  the 
1 Dingl.  Polyt.  Journ.  290,  281. 
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mark  p.  Bulb  t serves  as  a receptacle  for  the  mercury.  The  can  y 
is  used  for  warming  the  oil  to  the  desired  temperature. 

The  apparatus  is  gauged  with  a dilute  glycerin  solution  of 
specific  gravity  1T10  at  20°  C. ; the  time  required  for  its  outflow 
at  20°  C.  is  taken  as  unity.  For  temperatures  up  to  100°  C.  mercury 
is  used  as  the  aspirating  liquid ; for  higher  temperatures  water  is 
preferred.  The  heating  vessel  w is  filled  with  water  for  temperatures 
up  to  100°  C. ; for  temperatures  above  100°  C.  a mineral  oil  of 
suitable  boiling  point  is  taken. 

The  test  is  carried  out  in  the  following  manner  : — Fill  r up  to  the 
mark  p with  the  aspirating  liquid  and  heat  the  bath.  In  the  mean- 
time warm  the  oil  to  be  tested  in  the  can  y a few  degrees  above  the 
required  temperature.  Take  the  viscosimeter  for  a short  time,  about 
half  a minute,  out  of  the  bath  so  that  the  air  in  a is  somewhat 
cooled,  and  then  put  it  back,  filling  at  the  same  time  vessel  e with  the 
oil  up  to  mark/.  The  air  in  a will  then  expand  so  that  no  oil  can 
enter.  Allow  the  oil  in  e to  assume  the  temperature  of  the  bath, 
connect  the  viscosimeter  with  the  aspirator,  and  open  tap  o.  Then 
open  tap  m and  observe  accurately  the  time  required  by  the  oil  to 
rise  in  the  ascending  tube  b up  to  the  mark  g. 

For  the  accurate  dimensions  of  the  various  parts  of  the  apparatus 
(made  by  C.  Desaga  of  Heidelberg)  the  original  paper  must  be 
consulted. 

The  following  table  contains  a few  viscosimetric  numbers  deter- 
mined with  this  apparatus,  placed  side  by  side  with  the  numbers 
obtained  with  Bugler’s  viscosimeter  : — 


[Table 
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The  viscosity  of  lubricating  oils  diminishes  rapidly  with  the 
increase  of  temperature ; the  decrease  is,  however,  much  greater  in- 
the  case  of  mineral  oils  than  in  that  of  vegetable  and  animal  oils.  This 
is  one  of  the  reasons  why  blends  of  vegetable  and  animal  oils  with 
mineral  oils  give  better  results  in  practice  than  do  mineral  oils  alone. 

In  many  cases  it  is  desirable  to  determine  the  viscosity  of  a lubri- 
cating oil  at  high  temperatures  ; if  possible,  at  the  temperature  which 
the  oil  will  reach  in  actual  use. 

A somewhat  high  viscosity  of  a given  sample  (as  compared  with 
the  viscosity  of  a corresponding  oil  recorded  in  the  tables,  Vol.  I. 
Chap.  Y.)  may  direct  attention  to  an  imperfectly  purified  oil,  contain- 
ing asphalt-like  bodies  (p.  69),  or  to  oils  thickened  with  aluminium 
oleate,  or  with  caoutchouc 1 (“  oil  thickener  ”). 

Freezing  Point  or  Cold -Test.  — This  is  determined  by  the 
methods  described  in  Vol.  I.  Chap.  V. 

It  is  necessary  to  fix  by  agreement  (in  contracts)  the  length  of 
time  and  the  manner  in  which  a sample  should  be  cooled  before  the 
cold-test  is  carried  out,  since  the  experimental  results  depend  to  a 
considerable  extent  on  the  preliminary  treatment  of  the  oil.  This 
holds  good  of  fatty  oils  as  well  as  of  mineral  oils.  Thus  Holde 2 has 
shown  that  the  solidifying  points  of  oils,  which  were  stated  by  various 
observers  as  being  below  0°  C.,  will  solidify  at  0°  if  allowed  to  stand 
at  this  temperature  for  several  hours.  It  is  well  known  that  stirring 
assists  solidification  ; hence  different  results  will  be  obtained  according 
as  to  whether  the  oil  has  or  has  not  been  stirred  whilst  the  cold-test 
was  being  carried  out.  (Cp.  Yol.  II.  Chap.  XIV.  “Cotton  Seed  Oil.” 

Similar  divergencies  are  noticeable  in  the  examination  of  mineral 
oils  containing  paraffin  wax,  the  separation  of  paraffin  wax  taking 
place  at  different  temperatures  according  to  the  manner  of  manipula- 
tion and  according  to  the  degree  of  cooling  the  oil  has  undergone 
previous  to  its  examination.  A number  of  cold-test  determinations 
have  been  given  in  Yol.  I.  Chap.  Y. 

The  “cold-test”  or  setting  point  of  mineral  lubricating  oils  has  not 
so  great  an  importance  in  this  country  as  in  the  United  States  and  on 
the  Continent,  where  the  danger  exists  of  machinery  being  damaged 
by  oil  becoming  solid  in  the  lubricators.  In  these  countries  Railway 
Companies  specify  the  temperature  at  which  the  lubricating  oil 
must  remain  fluid,  and  also  the  manner  in  which  this  must  be 
ascertained. 

The  Scottish  Mineral  Oil  Association  directs  that  the  setting  point 
of  mineral  oils  be  determined  in  the  following  manner  3 : — Place  the 
sample  in  a test-tube,  having  a diameter  of  one  inch  and  a quarter,  to 
the  depth  of  about  two  inches.  Immerse  the  test-tube  in  a freezing 
mixture,  and  stir  the  oil  slowly  with  a thermometer,  until  it  has  cooled 
down  considerably  below  the  temperature  at  which  solid  paraffin  wax 
first  appears.  Then  remove  the  test-tube  from  the  freezing  mixture, 

1 Holde,  Die  TJntersuchung  der  Schmiermittel,  p.  122. 

2 Mitth.  a.  d.  Konigl.  Tech.  Versuchs-Anst.  1895,  287. 

3 Journ.  Soc.  Chem.  Did.  1891,  347. 
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stir  constantly  with  the  thermometer,  and  observe  the  temperature  at 
which  the  last  trace  of  solid  paraffin  wax  disappears.  Repeat  the 
test  until  concordant  results  are  obtained.  The  temperature  so  found 
is  the  setting  point. 

According  to  the  directions  of  the  New  Y#Tk  Produce  Exchange, 
the  sample  is  poured  into  a beaker,  4 in.  deep  by  3 in.  in  diameter, 
until  it  is  nearly  filled.  The  beaker  is  immersed  in  a freezing 
mixture  of  specified  temperature,  the  temperature  being  controlled  by 
a fixed  thermometer  ; a second  thermometer  is  then  immersed  in  the 
oil,  so  as  to  reach  half-way  down  the  beaker.  The  lubricating  oil  should 
still  flow  on,  inclining  the  beaker  when  both  thermometers  register 


Fig.  3. 


the  same  temperature.  It  should  be  noted  that  the  oil  is  not  stirred 
and  that,  therefore,  the  conditions  obtaining  in  practice  are  simulated 
to  some  extent,  although  the  time-factor  is  neglected. 

More  complicated  than  the  American  test  is  the  cold-test  prescribed 
by  the  Prussian  State  Railway  Direction.  According  to  their  rules 
“ winter  oil  ” must  remain  fluid  at  - 15°  C.,  “ summer  oil  ” at  - 5°  C. 
This  is  considered  to  be  the  case  if  the  oil  cooled  to  - 15°  C.,  or  - 5°  C., 
as  the  case  may  be,  and  subjected  to  the  constant  pressure  of  a water 
column  of  50  mm.,  will  rise  in  a glass  tube  of  6 mm.  internal  diameter 
at  the  minimum  rate  of  10  mm.  per  minute.  The  apparatus  pre- 
scribed for  this  test  is  shown  in  Fig.  3. 
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The  sample,  freed  from  water  and  mechanical  impurities,  is  intro- 
duced into  a U-tube  of  6 mm.  internal  diameter  (two  tubes  are  shown 
in  the  figure).  This  is  immersed  in  a vessel  h , filled  with  the  freezing 
mixture  of  the  specified  temperature,  and  surrounded  by  vessel  i, 
which  is  also  filled  with  the  freezing  mixture.  The  temperature  is 
controlled  by  a thermometer.  The  U-tube  should  stand  at  least  one 
hour  in  the  freezing  mixture  without  being  disturbed,  the  level  of 
the  oil  being  about  10  mm.  below  that  of  the  freezing  mixture.  The 
tube  is  then  carefully  drawn  out  so  far  that  the  level  can  be  observed, 
when  the  rubber  tube  d is  slipped  over  its  end  whilst  pinch-cock  e is 
open.  Close  e and,  by  opening  pinch-cock  /,  allow  a pressure  of  50 
mm.  (generated  by  pouring  water  into  vessel  a,  in  which  the  weighted 
funnel  b is  placed  and  controlled  exactly  by  manometer  c)  to  act  on 
the  oil. 

Flash  Point. — The  flash  point  may  be  determined  either  by  the 
“ open  test  ” or  the  “ close  test.” 

“ Open  Test.” — About  50  c.c.  of  the  oil  under  examination  are 
placed  in  a porcelain  crucible  or  in  a small  wide-necked  flask,  so  as  to 
fill  about  three-quarters  of  the  vessel.  The  vessel  is  embedded  in  a 
sand-bath  to  slightly  above  the  level  of  the  liquid,  and  a thermometer 
inserted  in  the  oil.  The  sand-bath  is  then  heated  gradually,  so  that 
the  temperature  may  rise  slowly,  and  from  time  to  time  a small  flame 
is  brought  on  to  the  surface  of  the  oil.  The  lowest  temperature  at 
which  a slight  explosion  or  “ flash  ” takes  place  is  noted  as  the  flash 
point.  It  is  advisable  to  ascertain  in  a preliminary  test  the  tempera- 
ture at  which  the  “flash”  will  take  place,  and  then  finally  to 
determine  the  flash  point  more  accurately.  The  results  obtainable  by 
this  method — which  is  sufficiently  accurate  for  practical  purposes, 
when  it  is  only  required  to  ascertain  whether  an  oil  is  dangerous  or 
not — vary  between  2°  and  5°  C. 

It  is  necessary  that  the  oils  be  freed  from  water  previous  to  being 
tested. 

The  lowest  flash  point  by  the  “ open  test  ” should  be  about 
175°  C.  (350°  F.)  for  lubricating  oils  intended  for  journals  and  bear- 
ings, and  about  260°  C.  (500°  F.)  for  cylinder  oils.  The  following 
table,  due  to  Kunkler / contains  a number  of  flash  points  of  American, 
Russian,  and  Scotch  lubricating  oils  : — 


Oils. 

Specific 
Gravity 
at  17-5° 'C. 

Flash  Point. 
°C. 

Viscosity  (Engler). 

At  50°  C. 

At  100°  C. 

Russian  cylinder  oils  . 

0-911-0-923 

183-238 

10-2-16-2 

2-0-2-8 

„ machine  oils  . 

0-893-0-920 

138-197 

5-8-6-3 

1-5-1  -8 

„ spindle  oils  . 

0-893-0-895 

163-167 

3-1-3-4 

1-4-1 -5 

1 American  cylinder  oils 

0-886-0-899 

280-283 

4-1-4-8 

„ machine  oils 

0*884-0-920 

187-260 

4-2 

1-6 

„ spindle  oils . 

0-908-0-911 

187-200 

3-1-3-3 

1-4-1 -6 

1 Jnurn.  Soc.  Chem.  Ind.  1890;  197. 
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In  Germany  some  railway  companies  direct  that  the  Treumann  cup 
be  used  for  this  test.1  The  apparatus  is  illustrated  in  Fig.  4. 

“ Close  Test” — When  greater  accuracy  is  required  than  is  furnished 
by  the  “ open  test,”  or  in  case  of  a dispute,  the  adoption  of  “ close 
test”  apparatus  is  advisable.  The  Scottish  Mineral  Oil  Association 2 
prescribes  the  employment  of  the  Pensky -Martens  apparatus,  which  is 
the  one  used  officially  in  Germany.3 

The  Pensky -Martens  apparatus  (Fig.  5 and  Fig.  6)  is  modelled 
on  the  Abel  Petroleum  Tester. 

E (Fig.  5)  is  the  oil  container,  which  is  placed  in  a metal  heating 
vessel  H,  provided  wTith  a mantle  L in  order  to  protect  H from  loss  of 


Fig.  4. 


heat  by  radiation.  The  oil-cup  E is  closed  by  a tightly-fitting  lid 
(shown  in  plan  2).  Through  the  centre  of  the  lid  passes  a shaft 
carrying  the  stirring  arrangement,  which  is  worked  by  means  of  the 
handle  J.  In  another  opening  of  the  cover  is  fixed  a thermometer. 
The  lid  is  perforated  with  several  orifices,  which  are  left  open  or 
covered,  as  the  case  may  be,  by  a sliding  cover.  This  can  be  rotated 
by  turning  the  vertical  spindle  by  means  of  the  milled  head  G.  By 

1  Cp.  Treumann,  Zeit.f.  offentl.  Chemie,  1898,  855. 

2  Journ.  Soc.  Chem.  Ind.  1891,  347. 

3  Cp.  also  F.  A.  Courtois’  Flash  Tester,  United  States  patent  788,250. 
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turning  G-,  an  opening  of  the  slide  can  be  made  to  coincide  with  an 
orifice  in  the  cover,  and  simultaneously  a very  small  flame,  burning 
at  the  movable  jet  E (Fig.  6),  is  tilted  on  to  the  surface  of  the  oil. 
This  contrivance  is  shown  on  a larger  scale  in  plan  2,  Fig.  5. 

The  test  is  performed  by  filling  the  oil  into  the  oil-cup  up  to  a 
certain  mark,  fixing  the  cover,  and  heating  the  oil  somewhat  rapidly 


at  first,  until  its  temperature  is  about  30°  C.  below  the  expected  flash 
point.  The  temperature  is  then  allowed  to  rise  very  slowly  only,  by 
making  suitable  use  of  the  wire  gauze  shown  in  the  figures,  so  that 
the  rise  of  temperature  within  half  a minute  does  not  exceed  about 
2°  C.  From  time  to  time  the  milled  head  Gr  is  turned  and  the  flame 
tilted  into  the  oil-cup.  The  temperature  at  which  a slight  explosion 
is  produced  is  noted  as  the  flash  point  of  the  oil. 


60  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  ch. 


In  this  country  Gray’s  apparatus  (Fig.  7)  is  used  frequently.  It 
consists  of  a brass  oil-cup,  A,  of  2 in.  diameter  by  2*2  in.  in  depth 
(same  dimensions  as  in  the  Abel  Petroleum  Tester).  The  height  to 
which  the  cup  is  filled  is  indicated  by  a line  cut  round  the  inside ; it 
runs  1J  in.  from  the  bottom.  The  cup  is  closed  by  a tightly-fitting 
lid,  through  the  centre  of  which  a steel  shaft  passes  to  the  bottom, 
carrying  two  sets  of  stirrers,  one  above  and  the  other  below  the 
surface  of  the  oil.  On  the  top  of  the  steel  shaft  there  is  fixed  a small 
bevelled  wheel  H,  with  milled  edge,  and  geared  with  a vertical 
bevelled  wheel  G,  actuated  by  a small  handle  B.  Thus  the  stirrers 


Fig.  (5.  Fig.  7. 


are  set  in  motion.  The  lid  is  provided  with  four  openings,  one  of 
which  serves  for  the  insertion  of  a thermometer,  whereas  the  other 
three  provide  means  for  producing  the  “ flash.”  These  three  orifices 
are,  as  a rule,  closed  by  a loose  flat  cover,  S,  provided  with  openings 
which  coincide  with  the  ports  in  the  fixed  lid  when  the  cover  is 
turned  one  quarter  round.  One  of  the  latter  is  immediately  in  front 
of  the  test-lamp,  D,  which  can  be  tilted  whenever  required,  whereas 
the  other  two  ports,  one  on  each  side,  admit  air  to  produce  the 
explosive  mixture. 

To  perform  the  test,  fill  the  cup  to  the  mark  with  the  sample, 
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light  the  test-lamp  and  adjust  the  flame,  so  that  it  is  about  -J-in.  high  ; 
then  heat  the  oil-cup  by  means  of  a Bunsen  burner  or  a sand-bath, 
whilst  rotating  the  stirrers,  so  that  the  temperature  of  the  oil  rises 
about  5°  C.  per  minute  at  first,  then  less  rapidly  when  the  point  is 
being  approached  at  which  the  oil  is  expected  to  flash.  Whilst  the 
bevelled  wheels  are  in  gear,  the  sliding  cover  is  held  in  its  normal 
position  by  the  spring  P.  Next  draw  the  horizontal  shaft,  which  has 
a little  lateral  play  in  its  bearings,  slightly  to  the  right,  whereby  the 
stirrers  are  thrown  out  of  gear.  Turn  the  handle  a quarter  of  a 
round,  when  the  loose  cover  is  rotated,  the  ports  are  opened,  and  at  the 
same  time  the  test-lamp  is  tilted  into  the  opening ; reverse  the  handle 
immediately,  whereby  the  ports  are  closed  automatically.  The 
temperature  at  which  a slight  explosion  is  produced  is  noted  as  the 
flash  point  of  the  oil.  If  no  flash  was  produced,  continue  the  heating, 
throw  the  stirrers  into  gear,  and  proceed  as  before.1 

Ignition  Point,  “ Fire  Test” — The  ignition  point  is  the  lowest 
temperature  at  which  the  oil  will  continue  to  burn  after  a flame  has 
been  brought  into  contact  with  its  surface  for  a few  seconds.  The 
determination  of  the  ignition  point  is  carried  out  in  a similar  manner 
to  that  described  under  “ Flash  Point.” 

A crucible  about  40  mm.  in  diameter  and  40  mm.  high  is  filled  to 
within  5 mm.  of  its  brim,  and  embedded  to  half  its  height  in  a sand- 
bath.  The  crucible  is  heated  at  first  rapidly  until  the  flash  point  has 
been  reached,  then  the  gas-burner  is  turned  low  and  the  temperature 
allowed  to  gradually  rise  10°-15°  C.  above  the  flash  point ; after  every 
rise  of  2°  C.  a small  flame  is  approached  to  the  surface  until  the  oil 
burns  quietly.  The  crucible  must  be  protected  from  draught  by  a 
convenient  arrangement. 

It  should  be  noted  that  the  “ flash  point v and  “ ignition  point  ” 
furnish  no  indications  whatever  as  regards  the  lubricating  value  of  an 
oil.  Their  significance  lies  in  that  they  indicate  whether  a lubricating 
oil  is  suitable  under  given  conditions.  Since  it  so  happens  that  oils 
having  high  flash  points  and  ignition  points  are  also  the  most  viscous 
ones,  unwarranted  conclusions  have  been  drawn  from  high  flash  and 
ignition  points  of  a given  lubricating  oil. 


II.  Chemical  Tests 

The  general  chemical  tests  have  for  their  object  the  identification 
of  the  oil ; the  examination  for  purity  (absence  of  adulterants) ; the 
detection  and  determination  of  water ; the  determination  of  ash ; the 
determination  of  free  acid ; the  liability  to  “ gum  ” or  to  become 
oxidised  ; the  liability  to  spontaneous  combustion  ; the  determination 
of  loss  by  evaporation ; the  determination  of  paraffin  wax ; the 
detection  of  “ deblooming  ” agents,  and  in  some  cases  of  colouring 
matter. 

1 With  regard  to  Lees'  oil-testing  apparatus,  see  English  patent  27,036,  1906  (W. 
Lees,  T.  W.  Lees,  and  A.  Lees). 
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Before  a lubricating  oil  is  tested  it  must  be  freed  from  grit  or 
solid  tarry  particles,  by  filtering  through  filter  paper  or  a sieve  of 
very  fine  mesh.  In  some  cases  it  may  be  of  assistance  to  dissolve  the 
lubricating  oil  in  petroleum  spirit  or  in  benzene. 

The  methods  employed  for  the  identification  of  fatty  oils  and 
liquid  waxes  have  been  described  in  previous  chapters.  The  ascer- 
taining of  the  origin  of  a mineral  oil  from  petroleum  is  but  rarely 
required.  Expeditious  methods  for  the  discrimination  between 
hydrocarbons  derived  from  American,  Russian,  Galician,  Roumanian, 
etc.,  petroleums  have  not  yet  been  worked  out,  as  the  chemical 
composition  of  the  hydrocarbons  in  the  high  boiling  portions  is 
practically  unknown  as  yet.1  Shale  oil  hydrocarbons  seem  to  be 
characterised  by  the  somewhat  high  amounts  of  bromine  they  absorb, 
as  compared  with  mineral  oils  derived  from  petroleum  : this  is  due  to 
the  presence  of  a considerable  amount  of  olefinic  hydrocarbons.  In 
the  absence  of  methods  allowing  a discrimination  between  shale  oil 
and  lignite  oils,2  physical  indications,  such  as  colour,  fluorescence, 
smell,  and  also  taste,  afford  safer  guidance  in  ascertaining  the  origin 
of  these  oils  than  has  been  furnished  hitherto  by  purely  chemical 
methods.  The  identification . of  tar  oils  is  easy  (cp.  Vol.  I.  Chap.  IX.). 
Tar  oils  are  used  alone  for  lubricating  suction  gas  engines  (in  coke 
works,  gas  works,  and  suction  gas  installations  generally),  their 
function  besides  acting  as  lubricants,  being  to  retain  in  solution  the 
tarry  vapours  which  are  carried  forward  with  the  gases. 

Blended  oils , i.e.  oils  consisting  of  a mixture  of  fatty  oils  (“  blown 
oils,”  see  below),  liquid  waxes,  and  mineral  oils  are  recognised  by  the 
general  methods  of  analysis  given  in  Vol.  I.  Chapters  VI.-IX.  Such 
oils  are  largely  used,  especially  for  the  lubrication  of  steam  cylinders, 
since  it  has  been  ascertained  by  extensive  practical  experience  that 
blended  oils  are  more  economical,  less  oil  being  consumed  than  when 
mineral  oils  alone  are  employed. 

Small  quantities  of  fatty  oils  in  mineral  oils  are  detected  by 
ascertaining  whether  the  sample  has  a definite  saponification  value. 
The  absolute  quantity  of  the  fatty  oil  can  be  readily  ascertained  by 
isolating  the  fatty  acids,  determining  their  mean  molecular  weight, 
and  calculating  therefrom  to  glycerides.  If  the  amount  of  fatty  oils 
be  very  small,  the  proportion  of  glycerol  may  be  determined  in  a 
somewhat  large  quantity  of  the  sample.  If  liquid  waxes  be  present, 
the  fatty  acids  must  be  calculated  to  esters. 

The  presence  of  “ blown  oils  ” is  detected  in  the  first  instance  by 
ascertaining  the  proportion  of  “ oxidised  acids”  (see  Vol.  I.  Chap.  VIII.), 
and  next  by  determining  the  acetyl  value  of  the  isolated  fatty 
acids  (cp.  Chap.  VIII.  and  table  given  under  “ Blown  Oils  ”).  It 
should,  however,  be  remembered  that  a high  acetyl  value  may  also  be 
due  to  the  presence  of  castor  oil.  (In  this  connection  it  may  be 
pointed  out  that  mixtures  containing  castor  oil  are  not  infrequently 

1 Cp.  Aisinmann,  Chem.  Revue,  1897,  162. 

2 Cp.  Jahrbuch  der  Chemie,  7,  384,  388. 
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met  with  in  commerce.1)  With  regard  to  the  value  of  “ blown  oils  ” 
as  lubricants,  cp.  below.  The  “ blown  oils  ” are  frequently  met 
with  in  lubricating  oils  for  marine  engines.  Blown  oils  are  also 
frequently  employed  as  an  ingredient  in  the  preparation  of  lardine  (a 
fancy  name,  which  has  also  been  used  for  butter  adulterants,  and  must 
not  be  confounded  with  them.  Cp.  also  “Lardeen,”  p.  17). 

Rosin  Oils. — The  determination  and  examination  of  the  un- 
saponijiable  matter — rosin  oils,  tar  oils,  etc. — is  of  great  importance ; 
methods  of  detecting  these  oils  in  the  unsaponifiable  portion  have  been 
described  Vol.  I.  Chap.  IX. 

The  Liebermann-Storch  reaction  may  be  supplemented  by  polari- 
metric  examination.  Rosin  oils  are  dextrorotatory ; hence  the 
presence  of  large  quantities  of  rosin  oils  will  be  most  readily  detected 
by  examining  the  unsaponifiable  matter  in  the  polarimeter.  Valenta 
found  in  the  case  of  a number  of  samples  of  rosin  oils  in  Mitscherlich’ s 
polarimeter,  for  a length  of  100  mm.,  rotations  varying  from  30°  to 
40°  (dark  specimens  were  previously  clarified  by  means  of  charcoal). 
Demski  and  Morawski  likewise  found  the  rotation  about  50°.  Formerly 
mineral  oils  were  thought  to  be  without  action  on  the  plane  of 
polarised  light,  a few  samples  only  having  been  found  dextrorotatory, 
causing  a deviation  of  1CF  to  1°6/.2  More  recently  the  property  of 
rotating  the  plane  of  polarised  light  has  been  observed  in  a notable 
number  of  specimens  of  lubricating  oils  from  American,  Russian,  and 
Galician  sources.  The  somewhat  too  hasty  deduction  made  by  some 
observers,  viz.  that  optical  activity  is  a general  property  of  lubricat- 
ing oils  derived  from  petroleum,  is,  however,  not  borne  out  by  facts, 
for  both  optically  active  and  inactive  oils  are  obtained  from  petroleum 
fields  lying  practically  side  by  side.3  Nor  has  the  generalisation 
made  prematurely,  viz.  that  all  mineral  oils  are  dextrorotatory,  been 
borne  out  by  facts,  for  a Japanese  mineral  oil  examined  by  Engler 
was  found  laevorotatory.  Still,  such  optical  rotations  as  have 
been  observed  are  too  small  to  interfere  with  the  decided  rotation 
exhibited  by  a specimen  which  contains  rosin  oil.  Since  several 
vegetable  oils  contain  optically  active  foreign  substances,  which  pass 
into  the  unsaponifiable  matter,  due  care  must  be  exercised.  It  should 
further  be  borne  in  mind  that  hydrocarbons  resulting  from  the 
destructive  distillation  of  wool  fat  also  exhibit  optical  activity 
( Lewkowitsch ). 

The  quantitative  determination  of  rosin  oils  in  the  “ unsaponifi- 
able portion  ” is  a difficult  problem,  and  cannot  be  solved  satisfactorily 
in  the  present  state  of  our  knowledge.  According  to  Slorch 4 10  to 
15  grms.  of  the  unsaponifiable  matter  (carefully  freed  from  fatty 
oils)  are  gently  warmed  in  a flask  with  five  times  their  weight  of  96 
per  cent  alcohol,  and  allowed  to  cool.  The  alcoholic  solution,  which 
will  contain  all  the  rosin  oil  present,  is  then  transferred  to  a tared 

1 English  patent  2680,  1906,  Crowley  and  Payne. 

2 [a]D~+1°.  Cp.  Soltsien,  Chem.  Centralblatt,  1898,  ii.  455  ; Zeit.  f.  angew.  Chem. 
1904,  893  ; cp.  further  Zaloziecki  and  Klarfeld,  Chem.  Zeit.  1907,  1155  ; 1170. 

3 Cp.  Lewkowitsch,  Chem.  Zeit.  1908,  54  ; Jahrbuch  der  Chemie , xvii.  416. 

4 Jour/ 1.  Soc.  Chem.  Ind.  1891,  276. 
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Erlenmeyer  flask,  about  7 cm.  high  ; the  undissolved  mineral  oil 
is  again  washed,  without  agitating,  with  a few  c.c.  of  96  per  cent 
alcohol,  which  are  added  to  the  first  solution.  The  Erlenmeyer 
flask  is  now  placed  in  a beaker  (to  prevent  too  rapid  condensa- 
tion) and  heated  on  a water -bath  until  the  residue  in  the  flask 
is  free  from  bubbles.  After  cooling,  the  residue  is  weighed.  The 
weight  of  this  residue  (A)  represents  that  of  the  rosin  oil  plus 
that  portion  of  mineral  oil  which  has  been  dissolved  by  the  alcohol. 
To  remove  the  bulk  of  the  dissolved  mineral  oil,  the  residue  (A)  is 
next  treated  with  ten  times  its  weight  of  alcohol,  and  the  solution 
heated  on  the  water-bath  in  the  same  manner  as  before  to  remove  the 
alcohol,  when  a second  residue  (B)  is  obtained,  which  still  retains  a 
small  quantity  of  mineral  oil.  The  necessary  correction  for  this 
amount  is  found  in  the  following  manner: — Suppose  11 ’2  grms.  of 
the  sample  have  been  treated  with  50  grms.  at  first,  and  subsequently 
the  residue  A with  15’5  grms.  of  alcohol.  Let  the  weight  of  A be 
1*51  grms.,  and  that  of  B 1T5  grms.,  then  50  - 15’5  = 34*5  grms.  of 
alcohol  had  dissolved  1*51  - 1*15  = 0*36  grm. ; hence  15*5  grms.  had 
dissolved  0T62  grm.  of  mineral  oil.  There  are  therefore  present  in 
the  sample  1T5  - 0T62  = 0‘988  grm.,  or  8*8  per  cent  of  rosin  oil. 
The  true  quantity  lies  between  the  weight  of  B and  the  corrected 
number. 

Walker  and  Robertshaw 1 examined  in  the  author’s  laboratory  the 
various  methods  proposed  for  the  quantitative  determination  of 
rosin  oils.  The  process  proposed  by  McIlhiney  2 for  the  estimation  of 
rosin  oils  in  fatty  oils  is  based  on  the  fact  that  the  latter  yield  very 
low  bromine  substitution  numbers,  whereas  rosin  oils  are  characterised 
by  high  substitution  numbers.  Walker  and  Robertshaw , however, 
ascertained  that  the  reaction  taking  place  when  bromine  is  allowed 
to  act  on  rosin  oils  depends  so  much  on  variations  of  time,  tempera- 
ture, and  other  not  yet  fully  recognised  conditions,  that  it  would 
appear  a hopeless  task  to  determine  rosin  oil  quantitatively  by  this 
method  in  a mixture  of  rosin  oil  with  mineral  oil. 

The  method  proposed  by  Holde  for  discriminating  and  determin- 
ing rosin  oil  when  admixed  with  mineral  oils  has  also  been  shown  in 
the  author’s  laboratory  to  lead  to  uncertain  results.  Thus  genuine 
rosin  oils  freed  from  rosin  acids  yielded  considerable  quantities  of 
unsaponifiable  portions  which  might  have  been  easily  mistaken  for 
mineral  oil.3 

The  best  method  for  determining  rosin  oil  in  mineral  oil  is  Valenta’s 
process,  as  has  been  confirmed  by  experiments  of  Walker  and 
Robertshaw 4 in  the  author’s  laboratory.  Valenta’s 5 process  for 
detecting  rosin  oils  in  presence  of  mineral  oils  is  based  on  the 
difference  of  their  solubilities  in  glacial  acetic  acid  at  50°  C.,  a 
number  of  experiments  made  with  various  mineral  oils  having  shown 
that  100  grms.  of  glacial  acetic  acid  dissolve  2*6  to  6*5  grms.  of 

1 Analyst,  1902,  238. 

2 Journ.  Amer.  Chem.  Soc.  1899,  1084  ; cp.  also  Yol.  I.  Chap.  X. 

3 Lewkowitsch,  Analyst,  1903,  183  ; cp.  also  Utz,  Chem.  Revue,  1906,  48. 

4 Analyst,  1902,  238.  5 Journ.  Soc.  Chem.  Ind.  1884,  613. 
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mineral  oil,  whilst  under  the  same  conditions  16*9  grms.  of  rosin  oil 
are  dissolved.  The  same  relation  is  expressed  by  stating  that  10 
c.c.  of  glacial  acetic  acid  dissolve  0*2833  to  0*6849  grm.  of  mineral 
oil  and  1*7788  grms.  of  rosin  oil.  To  perform  Valenta’s  test  2 c.c. 
of  the  unsaponifiable  matter  are  mixed  in  a test-tube  with  10  c.c.  of 
glacial  acetic  acid,  and  the  tube,  loosely  closed  by  a cork,  is  immersed 
in  a water-bath,  having  the  temperature  of  50°  C.,  for  five  minutes, 
the  contents  being  repeatedly  shaken  during  that  time.  The  mixture 
is  then  filtered  through  a moistened  filter,  and  the  middle  portion  of 
the  filtrate  is  collected.  Part  of  this  is  weighed  off  accurately,  and 
the  amount  of  acetic  acid  therein  determined  by  titration  with 
normal  caustic  soda.  The  difference  between  the  weight  of  the  acid 
taken  and  the  weight  thus  found  is  the  amount  of  oil  dissolved. 
Allen 1 points  out  that  rosin  acids  if  present  in  the  rosin  oil 
influence  the  solubility,  and  render  the  alkalimetric  determination  of 
the  acetic  acid  inaccurate.  He  proposes,  therefore,  to  neutralise  the 
greater  part  of  the  acetic  acid,  dilute  with  water,  and  extract  the 
rosin  oil  by  agitation  with  ether. 

Walker  and  Robertshaw , in  the  author’s  laboratory,  found  the 
proportion  of  rosin  oil  dissolved  by  acetic  acid  from  two  specimens 
of  genuine  rosin  oils  16*8  and  16*6  per  cent  respectively,  which 
agrees  well  with  Valenta’s  figure  of  16*9  per  cent.  A mineral  oil 
which  gave  in  Valenta’s  test  4*4  per  cent  (as  compared  with  Valenta’s 
numbers  of  2*6  - 6*5  per  cent)  was  then  mixed  with  an  equal  volume 
of  a rosin  oil  of  which  16*8  per  cent  was  soluble.  The  mixture 
gave,  in  Valenta’s  test,  10*84  per  cent  of  dissolved  oil,  theory 
requiring  10*59  per  cent. 

A similar  method  based  on  the  solubility  of  rosin  oils  in  acetone 
— with  which  they  are  miscible  in  all  proportions,  whereas  mineral 
oils  require  several  volumes  of  acetone  for  complete  solution  (j Demski 
and  Morawski ,2  JViederhold  3) — has  not  yet  been  worked  out  quantita- 
tively. Nor  is  it  likely  to  lead  to  useful  results,  for  Borneo  mineral 
oil  of  specific  gravity  0*97  to  0*99  simulates  rosin  oil  not  only  in 
specific  gravity,  but  also  in  that  it  is  very  readily  soluble  in  an  equal 
volume  of  acetone.4  It  is,  however,  easy  to  differentiate  Borneo  oil 
from  rosin  oil  by  the  Liebermann-Storch  reaction. 

Finkener’s  5 proposal  to  differentiate  rosin  oil  from  mineral  oil  by 
a mixture  of  1 volume  of  chloroform  and  10  volumes  of  alcohol  of 
specific  gravity  0*8182  at  15*5°  C.  has  not  yet  been  worked  out  to 
a quantitative  method.  It  may  suffice,  therefore,  to  mention  that 
Finkener  found  that  rosin  oils  are  soluble  in  10  volumes  ( Holde 6 
gives  12*5  volumes)  of  this  mixture,  whereas  mineral  oils  are  in- 
soluble even  in  100  volumes  of  the  mixture. 

Tar  Oils. — During  recent  years  adulteration  of  lubricating  oils 
with  coal  tar  oils  and  (especially  on  the  Continent)  lignite  tar  oils 
has  been  practised.  The  most  useful  method  of  detecting  these 

1 Com.  Oi'g.  Anal.  ii.  465.  2 Journ.  Soc.  them.  Ind.  1886,  179. 

3 Journ.  f.  prakt.  Chem.  1893  (47).  394.  4 Jenkins,  Analyst , 1902,  240. 

5 Zeit.  f.  analyt.  Chemie,  1887,  652.  6 Chem.  Revue , 1898,  51. 
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oils  and  determining  approximately  their  proportions  is  that  pro- 
posed by  Valenta  (see  Vol.  I.  Chap.  IX.) ; it  is  based  on  the  solubility 
of  these  oils  in  dimethylsulphate. 

Mixture  of  Mineral  Oils  with  Tar  Oils  and  Rosin  Oils. — Valenta 
states  that  also  from  such  mixtures  the  tar  oils  can  be  approximately 
separated  and  determined  by  means  of  dimethylsulphate  (Vol.  I. 
Chap.  IX.).  It  is,  however,  doubtful  whether,  in  view  of  the  strictures 
that  attach  to  this  method,  this  problem  can  be  solved  satisfactorily ; 
hitherto  no  experiments  have  been  published  in  this  connection. 
The  following  modus  operandi  would  suggest  itself : — Remove  the  tar 
oils  (as  far  as  is  practicable)  by  treatment  with  dimethylsulphate, 
saponify  the  dimethylsulphate  solution  with  alcoholic  soda  or  potash, 
and  isolate  the  dissolved  tar  oil  for  further  examination.  The 
undissolved  portion,  consisting  mainly  of  petroleum  hydrocarbons 
and  rosin  oils,  would  then  be  treated  by  the  methods  described 
under  “Rosin  Oils,”  p.  63.  Mineral  oils  hardly  dissolve  any 
dimethylsulphate ; it  would,  however,  be  advisable  to  subject  the 
mineral  oil  and  rosin  oil  mixture  to  saponification  in  order  to 
remove  any  dissolved  dimethylsulphate  before  resorting  to  further 
examination. 

Detection  and  Determination  of  Water. — Oils  having  a turbid 
appearance,  as  a rule,  contain  water.  In  the  case  of  mineral  oils 
turbidity  may  also  be  caused  by  separated  paraffin  wax ; this  will 
disappear  on  warming  the  sample.  Water  is  readily  detected  by 
heating  a sample  in  a test-tube,  when  frothing  or  bumping  will 
reveal  its  presence.  In  the  case  of  fatty  oils,  the  determination  of 
water  is  carried  out  as  described  Vol.  I.  Chap.  IY.  In  the  presence  of 
mineral  oils,  especially  those  of  comparatively  low  boiling  points,  the 
determination  of  water  in  the  usual  manner  may  easily  lead  to  decep- 
tive results,  inasmuch  as  oils  of  Jow  boiling  points  are  volatilised  with 
the  water  vapours.  Hence,  due  care  must  be  exercised.  The  pro- 
portion of  water  is  best  determined  by  dissolving  a somewhat  large 
quantity  of  the  sample  in  petroleum  ether,  so  that  the  water  may 
settle  out  on  standing. 

Determination  of  Ash. — The  ash  is  determined  by  igniting  an 
accurately  weighed  quantity  of  the  sample  in  a platinum  dish  and 
weighing  the  residue.  In  pure  lubricating  oils  the  ash  should  be  nil. 
A definite  residue  may  point  to  the  presence  of  soda,  potash,  lime,  or 
aluminium  soap.  In  that  case  the  residue  will  exhibit  a strongly 
alkaline  reaction  to  indicators.  The  presence  of  alumina  in  the  ash 
would  indicate  that  aluminium  oleate  (“oil  thickener”)  had  been 
added. 

Schweitzer  and  Lungwitz 1 recommend  as  a reagent  for  the  detection 
of  soaps  in  lubricating  oils  a saturated  solution  of  metaphosphoric 
acid  in  absolute  alcohol.  In  the  presence  of  soaps  a flocculent  pre- 
cipitate is  observed. 

Determination  of  Free  Acids. — The  determination  of  free  acids 
is  of  considerable  importance  in  the  examination  of  lubricating  oils. 

1 Journ.  Soc.  Chem.  Ind.  1894,  1178. 
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The  estimation  of  the  free  fatty  acids  is  carried  out  in  the  manner 
described  in  Vol.  I.  Chap.  VIII. 

If  the  lubricating  oil  be  a fatty  oil,  acidity  may  be  due  either  to 
free  fatty  acids  or  to  incomplete  removal  of  mineral  acids,  left  in  the 
oil  in  consequence  of  faulty  washing  after  refining.  Mineral  acids 
are  detected  by  shaking  the  sample  with  water  to  which  a drop  of 
methylorange  solution  has  been  added. 

In  the  same  manner  mineral  oils  are  tested  for  traces  of  inorganic 
acids.  Naphthenic  acids,  so-called  petroleum  acids,1  are  not  removed 
by  washing  with  water.  Their  proportion  is  determined  by  shaking 
100  grins,  of  oil  with  50  c.c.  of  decinormal  alkali  containing  about 
50  per  cent  of  alcohol,  and  titrating  back  the  excess  ( Zaloziecki  2).  In 
case  the  presence  of  sulphonated  oils,  produced  by  the  action  of 
concentrated  sulphuric  acid  whilst  refining  the  oils,  be  suspected, 
50  grms.  of  the  oil  should  be  boiled  under  a reflux  condenser  with 
strong  hydrochloric  acid.  The  aqueous  layer  is  then  tested  for 
sulphuric  acid.3 

A definite  acidity  may  also  be  due  to  added  rosin  (cp.  Yol.  II. 
“ Linseed  Oil,”  p.  59). 

With  regard  to  the  permissible  amount  of  free  fatty  acids  in 
lubricating  oils,  opinions  differ.  As  a rule,  railway  companies  specify 
in  their  contracts  the  maximum  amount  of  free  acid.  The  larger 
the  proportion  of  free  acids  in  an  oil,  the  greater  is  its  liability  to 
corrode  the  metal  surfaces  of  the  lubricated  journals.  The  experi- 
ments made  by  I.  I.  Redwood ,4  Aisinmann,5  and  Donath  6 do  not  permit 
one  to  draw  the  conclusion  that  lubricating  oils  would  exert  the  same 
action  on  metals  in  practice  as  they  do  in  laboratory  experiments. 
Hence  these  experiments  need  not  be  detailed  here. 

It  should  be  borne  in  mind  that  fatty  oils  undergo  hydrolysis  in 
high-pressure  steam  cylinders,  and  that  the  fatty  acids  thus  set  free 
will  corrode  the  iron,  with  formation  of  metallic  soaps.  This  is  one 
of  the  reasons  why  fatty  oils  are  no  longer  used  alone  for  lubricating 
high-pressure  steam  cylinders.  Metallic  soaps  formed  by  the  action 
of  the  liberated  fatty  acids  on  the  metal  are  somewhat  soluble  in 
mineral  oils  (cp.  “ Metallic  Soaps,”  below),  and  are  therefore  less 
likely  to  cause  obstructions  (by  forming  the  well-known  deposits 
found  in  cylinders)  than  when  fatty  oils  alone  are  used. 

The  opinion  held  generally  that  mineral  oils  do  not  attack  metals 
is  based  more  on  chemical  a priori  deductions  than  on  large  scale 
experience.  Worrall  and  Southcombe  7 concluded,  from  experiments 
made  on  a laboratory  scale,  that  mineral  oils  do  not  undergo 
a chemical  change  in  a steam  cylinder  below  750°  F. ; and  further, 
that  the  iron  deposits  in  steam  cylinders  were  due  to  oxide  of  iron 
particles  carried  over  mechanically  by  steam  and  cemented  together  by 

1 Cp.  Schulz-Kolin,  Chem.  Zeit.  1908,  596.  2 Chem.  Revue,  1897,  37. 

3 Cp.  also  Heusler  and  Dennstedt,  Zeit.  f.  angew.  Chem.  1904,  264. 

4 Journ.  Soc.  Chem.  Ind.  1886,  362.  5 Dingl.  Polyt.  Journ.  294.  65. 

6 Ibid.  294,  186. 

7 Journ.  Soc.  Chem.  Ind.  1908,  308  ; cp.  also  Kiinkler  and  Sell wedh elm,  Augsburger 
Seifensieder  Zeit.  1908,  No.  14. 
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resinified  oil.  The  latter  observation  is  quite  correct,  for  it  is  well 
known  that  many  deposits  found  in  steam  cylinders  contain  pre- 
ponderantly mineral  substances  which  can  have  only  been  carried  over 
with  the  steam  (by  “ priming  ”),  but  the  fact  must  not  be  overlooked 
that  on  exposure  to  air — which  is  always  present  in  steam — mineral 
oils  do  suffer  oxidation,  the  extent  of  which  depends  largely  on  the 
care  used  in  refining  them.  This  does  not  only  hold  good  of  shale 
oils,  but  in  general  of  American,  Kussian,  and  other  mineral  oils.1 
Further  experimental  evidence  would,  therefore,  seem  to  be  necessary. 

Liability  to  “ gum.” — A good  lubricating  oil  should  neither  dry 
on  exposure  nor  “ gum  ” (causing  more  fuel  to  be  consumed  in 
consequence  of  the  drag  upon  the  machinery),  nor  have  a tendency 
to  become  acid.  Satisfactory  methods  for  ascertaining  the  liability 
of  a lubricating  oil  to  “ gum  ” have  not  yet  been  worked  out.  Since 
oils  belonging  to  the  class  of  drying  oils,  as  also  fish  and  blubber 
oils,  rosin  oils,  and  to  a smaller  extent  also  the  semi-drying  oils  of 
the  cotton  seed  oil  group,  readily  absorb  oxygen,  and  thereby 
“ thicken  ” or  “ gum,”  the  unsuitability  of  these  oils  for  lubricating 
purposes  is  evident.  The  detection  of  the  presence  of  such  oils  in  a 
sample  has  been  described  in  Yol.  II.  Chapter  XIY.  An  examination 
of  the  sample  by  the  methods  described  in  Yol.  I.  Chapter  VII.  under 
“ Oxygen  Absorption  Test  ” may  in  some  cases  prove  of  assistance. 

Gill 2 proposes  to  determine  the  gumming  properties  of  lubricating 
oils  with  nitro-sulphuric  acid  (prepared  by  saturating  sulphuric  acid 
of  76°  Be,  containing  a few  drops  of  nitric  acid,  with  nitric  oxide  at 
0°  C.).  The  amount  of  tarry  matter  formed  thereby  is  stated  to 
stand  in  a definite  relation  to  the  oxygen  absorption  as  ascertained 
by  Fox’s  method.  This  method,  of  which  details  were  given  in 
former  editions  of  this  work,3  consists  in  determining  the  oxygen 
absorbed  on  heating  an  oil  in  a sealed  tube  with  oxygen  gas. 

Badly  refined  oils  have  a tendency  to  resinify  easily.  Impurities 
due  to  faulty  refining  may  be  looked  for  and  identified  by  one  of  the 
following  methods.  It  should,  however,  be  noted  that  in  some  cases 
certain  impurities  are  purposely  left  in  the  oils,  since  complete 
removal  of  the  asphalt-like  and  mucilaginous  substances,  occurring 
naturally  in  the  crude  oils,  tends  to  reduce  the  viscosity  and,  in  the 
eyes  of  some  users,  the  apparent  lubricating  value.  Martens  advises 
to  shake  equal  measures  of  the  sample  and  of  sulphuric  acid,  specific 
gravity  1*53  at  the  ordinary  temperature.  A pure  oil  should  yield 
a colourless  or,  at  most,  a slightly  yellow  acid  layer ; there  should 
be  no  separation  of  black  flocks  in  the  oil,  nor  should  it  be  coloured 
brown.  If  the  acid  remains  colourless,  or  is  but  slightly  coloured, 
the  experiment  should  be  repeated  at  100°  C. ; even  under  these 
conditions  pure  oils  should  not  turn  brown.  (In  the  presence  of 
fatty  oils  this  treatment  with  sulphuric  acid  would  lead  to  altogether 
unreliable  results.)  Attempts  have  been  made  to  convert  this  test 

1 Cp.  Ostrejko,  Journ,  Soc.  Cliem.  lnd.  1896,  26,  345,  645  ; Holue,  Die  Unter- 
suchung  der  Schmiermittel,  1897,  p.  88  ; Steuart,  Journ.  Soc.  Chem.  lnd.  1899,  239. 

2 Journ.  Amer.  Chem.  Soc.  1902,  690. 

3 Cp.  Chemical  Analysis  of  Oils , Fats,  and  Waxes , 2nd  ed.  p.  714. 
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into  a quantitative  one,  in  the  examination  of  mineral  oils,  by  operating 
as  follows  : — 

20  c.c.  of  the  sample  are  shaken  in  a graduated  stoppered  cylinder 
with  10  c.c.  of  concentrated  sulphuric  acid  and  20  c.c.  of  petroleum 
ether ; the  increase  in  volume  of  the  acid  is  read  off  after  separation 
into  two  layers  has  taken  place.  Oils  of  good  quality  should  yield 
to  the  acid  no  more  than  1*2  to  2*4  c.c.,  i.e.  6 to  12  per  cent.1  But 
it  must  be  understood  that  these  results  lead  to  rough  approximations 
only,  as  the  “naphthenes,”  the  characteristic  hydrocarbons  of  the 
Russian  petroleum,  are  soluble  in  concentrated  sulphuric  acid.  Holde  2 
showed  that  by  treating  lubricating  oils  with  a mixture  of  alcohol 
and  ether  (3:4)  resinous  or  “ soft  asphaltic  ” bodies  containing 
oxygen  are  precipitated,  whereas  by  petroleum  ether  (300-500  c.c.  for 
2-5  grms.  of  oil)  “ hard  asphaltic  ” substances  are  precipitated. 
Hitherto  no  reliable  quantitative  method  has  been  worked  out.3 

In  the  presence  of  paraffin  wax  the  latter  would  be  precipitated 
together  with  the  “ asphaltic  ” substances.  Lecocg  4 recommends  there- 
fore to  remove  the  paraffin  first  by  distillation  in  a current  of  steam. 

Up  to  recently  the  question  of  determining  quantitatively  those 
impurities  which  are  likely  to  cause  “ gumming  ” did  not  have  the 
same  importance  it  has  at  present,  for  in  the  older  methods  of  lubrica- 
tion fresh  oil  continually  displaced  oil  that  had  passed  between  the 
lubricated  journals,  and  thus  products  of  oxidation  were  washed 
away.  But  since  “ ring  ” or  “ chain  ” lubrication  has  come  into 
vogue,  and  the  number  of  cases  increase  daily  where  the  oil  remains 
a long  time  in  contact  with  the  material  it  is  intended  to  protect  (as 
in  turbines,  transformers,  etc.),  the  accumulation  of  oxidised  substances 
producing  a sediment  in  the  oil  has  given  added,  and  in  some  cases 
even  prominent,  importance  to  chemical  methods  of  detecting  and 
determining  these  impurities.  As  satisfactory  methods  for  analytically 
expressing  the  “ gumming  ” property  have  not  yet  been  worked  out, 
it  must  suffice  here  to  point  out  some  further  attempts  that  have  been 
made  recently  in  this  direction. 

Kissling 5 suggests  heating  50  grams  of  oil  in  an  oven  to  125°- 
135°  C.  for  five  days  of  twelve  hours  each,  and  then  to  transfer 
(with  the  aid  of  petroleum  ether)  the  oil,  together  with  any  sediment 
that  may  have  formed,  to  a 500-c.c.  flask.  After  the  flask  has  been 
made  up  to  the  mark  with  petroleum  ether,  and  has  been  allowed  to 
stand  for  twelve  hours,  the  insoluble  matter  is  filtered  off,  washed 
with  petroleum  ether,  dried,  and  weighed.  The  amount  of  insoluble 
matter,  judged  to  be  “asphalt  pitch,”  was  found  to  range  in  twenty- 
one  representative  lubricating  oils  from  0’044  per  cent  to  3T14  per 
cent.  ( Kissling  proposes  to  term  this  percentage  number  “ resinification 
number.”  Cp.  Chemische  Revue , 1909,  3.) 

1 Cp.  also  Kissling,  Chem.  Ze.it  1905,  1086. 

2 Mitth.  Konigl.  Teclm.  Vers.-Anst.  1895,  174  ; 1902,  253  ; 1903,  57. 

3 Holde,  Die  Untersuchung  der  Schmiermittel,  p.  183  ; 2nd  edition,  p.  19.  Cp.  also 

Aisinmann,  ibid.  1895,  282  ; Siuger,  Chem.  Revue , 1897,  93.  Holde  and  Eickmann, 
Petroleum,  1907,  1077.  4 Bull.  Soc.  Chim.  Belg.  1908  (22),  81. 

5 Chem.  Zeit.  1906,  932.  Cp.  also  Schreiber,  Zeit.f.  angew.  Chem.  1905,  727. 
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Another  quantitative  method  proposed  by  Kissling 1 directs  to 
determine  in  50  grms.  of  lubricating  oil  the  amount  of  substance 
that  can  be  extracted  by  shaking  with  50  c.c.  of  an  alcoholic  soda 
solution  (made  up  by  mixing  50  grms.  of  aqueous  soda  solution,  con- 
taining 7 '5  per  cent  NaOH,  with  50  grms.  of  99  per  cent  alcohol)  at 
80°  C.  The  aqueous  solution  is  then  withdrawn,  shaken  out  with 
petroleum  ether  to  remove  any  emulsified  or  dissolved  oil,2  and  then 
treated  with  hydrochloric  acid,  and  shaken  out  with  benzene.  The 
benzene  solution  is  evaporated  to  dryness,  and  the  residue  weighed. 
(The  percentage  so  obtained  is  termed  by  Kissling  “tar  number.”) 
The  quantity  of  tarry  substances,  in  a number  of  commercial  lubricat- 
ing oils,  amounted  to  from  0*023  to  1*451  per  cent. 

The  last  two  proposed  methods  require  further  working  out,  as 
they  appear  to  furnish  useful  data  in  judging  the  extent  to  which 
lubricating  oils  have  been  purified.  In  this  connection  it  may  be 
mentioned  that  several  patents  have  been  taken  out  for  the  removal 
of  the  “ resin-like  ” and  “ asphaltic  ” substances  in  mineral  lubricating 
oils  by  means  of  volatile  solvents,3  and  that  the  specifications  of  the 
German  railways  for  lubricating  oils  stipulate  that  dark-coloured  oils 
must  be  completely  soluble  in  petroleum  ether  of  specific  gravity 
0*70. 

Another  impurity  which  is  also  precipitated  by  the  alcohol-ether 
mixture  is  eaoutehoue  (Para  rubber),  which  is  added  to  lubricating 
oils  in  order  to  raise  their  viscosity.  It  should,  however,  be  borne 
in  mind  that  special  lubricants,  e.g.  those  intended  for  greasing  steam 
taps,  are  openly  sold  as  containing  caoutchouc  (see  below). 

Since  fatty  oils,  which  exhibit  a pronounced  tendency  to  “ gum,” 
are  also  those  which  are  liable  to  spontaneous  combustion,  the 
behaviour  of  a fatty  lubricating  oil  in  this  respect  may  be  determined 
by  means  of  the  “Cloth  Oil  Tester”  (see  “Wool  Oils,”  below). 

Richardson  and  Hanson 4 propose  to  heat  a lubricating  oil  under 
examination  to  400°  F.  in  air  or  steam,  in  a specially  constructed 
copper  oven.  They  then  determine  the  viscosity  of  the  oxidised  oil 
and  compare  it  with  that  of  the  original.  The  increase  in  viscosity 
is  stated  to  serve  as  a guide  in  judging  the  suitability  of  an  oil  as 
regards  gumming  property. 

A practical  “gumming  test”  prescribed  by  the  United  States 
Naval  Department  is  the  following : — 

Using  a single-wick  one-half-pint  brass  oil-cup,  and  maintaining 
the  oil  at  about  140°  F.,  practically  equal  quantities  of  oil  must  feed 

1 Chem.  Zeit.  1907,  328. 

2 The  oil  so  shaken  out  contained  in  all  cases  a little  mineral  oil.  It  had  a viscous, 
almost  resinous,  consistence,  and  contained  as  an  average  3-25  per  cent  of  sulphur, 
whereas  the  residue  obtained  on  evaporating  the  benzene  solution  furnished  1*90  per 
cent  of  sulphur  only. 

3 Daeschner  (aniylalcohol),  German  patent  124,980  ; Holde  (petroleum  ether), 
German  patent  185,690  ; cp.  also  Zeit.f.  ang.  Chemie,  1907,  1263  ; Diamand,  German 
patent  176,468;  Kbttnitz  (ethyl  acetate),  German  patent  191,839.  With  regard  to 
acetone,  cp.  Perdit  and  Jaguboff,  Baku  Imperial  Russian  Technical  Society,  1906,  No.  7 ; 
cp.  also  Charitschkow,  Petroleum,  1907,  99. 

4 Journ.  Soc.  Chem.  Ind.  1905,  315. 
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through  the  wick  in  three  equal  intervals  of  time  of  eight  hours  each. 
At  the  end  of  the  test  the  wick  must  be  clean,  and  the  sides  of  the 
oil-cup  bright  and  clean. 

Loss  by  Evaporation. — “Volatility  Test.” — In  the  case  of  fatty 
oils  the  point  at  which  evaporation  commences  to  take  place  almost 
coincides  with  the  temperature  at  which  decomposition  occurs,  where- 
as in  the  case  of  mineral  oils,  consisting  as  they  do  of  oils  of  different 
boiling  points,  evaporation — and,  consequently,  loss  to  the  user  of  the 
oil — may  set  in  below  the  temperature  at  which  the  bulk  of  the 
mineral  oil  volatilises. 

The  method  ordinarily  adopted  to  determine  the  loss  by  evapora- 
tion is  to  heat  an  accurately  weighed  quantity  on  a watch-glass  for 
several  hours  and  to  weigh  the  residue.  Oils  intended  for  the  lubri- 
cation of  machinery  at  normal  temperatures  would  be  kept  for  a few 
hours  at  100°  C.  Cylinder  oils  are  heated  in  a drying  oven  or  in  a 
suitable  oil-bath  at  temperatures  varying  from  150°  to  300°  C. 

Archbutt 1 recommends  as  a more  reliable  method  to  heat  the  oil 
in  a current  of  air  or  superheated  steam.  0'5  grm.  of  the  sample  is 
put  in  a platinum  tray,  which  is  placed  in  a glass  tube,  and  thus 
introduced  into  a copper  tube,  f in.  internal  diameter  and  2 ft.  long. 
Round  the  copper  is  coiled  a tube,  § in.  diameter  and  about  10  ft. 
long,  one  end  of  which  enters  the  wider  copper  tube  and  serves  to 
heat  the  current  of  air  or  steam  which  is  passed  over  the  oil.  The 
coiled  tube  is  fixed  in  an  air-bath  and  heated  by  a row  of  small  gas 
jets  to  the  desired  temperature,  which  is  controlled  by  a thermometer. 
A measured  quantity  of  air  is  passed  over  the  oil  at  the  rate  of  2 
litres  per  minute  for  exactly  one  hour ; the  oil  is  then  withdrawn 
and  weighed.  Good  locomotive  cylinder  oils  should  not  lose  more 
than  0’5  per  cent  at  a temperature  of  370°  F.  (188°  C.). 

The  determination  of  paraffin  wax  (German,  Paraffin)  will  but 
rarely  be  required.  Lubricating  oils  containing  too  much  paraffin 
wax  would  not  prove  satisfactory  in  the  “ cold-test,”  and  would  there- 
fore be  rejected  at  the  outset. 

Holde  examined  the  processes  proposed  by  PawlewsJci  and 
Filemonewicz,  Zaloziecki,  and  Hbland  for  the  estimation  of  small  quan- 
tities of  paraffin  wax,2  and  rejected  them  as  not  admitting  of  general 
application.  Holde  3 recommends  the  following  modus  operand i,  which 
is  a modification  of  the  method  originally  suggested  and  worked  out 
by  Engler  and  Boelim  : — 

10  to  20  c.c.  of  oils  poor  in  paraffin  wax  (such  as  Russian  distilled 
oils,  solidifying  below  -5°  C.),  or  5 grms.  of  oils  rich  in  paraffin  wax 
(such  as  American,  Scotch,  Galician,  etc.,  solidifying  at  or  above  0°  C.), 
are  placed  at  the  ordinary  temperature  in  an  Erlenmeyer  flask  of 
150  to  200  c.c.  capacity,  and  so  much  of  a mixture  consisting  of 
equal  parts  of  nearly  absolute  alcohol  (98*5  per  cent)  and  ether  are 
added  that  a clear  solution  is  obtained.  The  flask  is  then  immersed 
in  a freezing  mixture  at  from  -20°  to  -21°  C.  Whilst  the  solution 

1 Journ.  Soc.  Chem.  Ind.  1896,  326. 

2 Cp.  Eisenlohr,  Zeit.  f.  angeiv.  Chem.  1897,  300.  3 Chem.  Revue,  1897,  4,  21. 
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is  being  vigorously  agitated,  so  much  of  the  alcohol-ether  mixture  is 
added  that  the  drops  of  oil  just  disappear  and  only  crystals  or  flocks 
of  paraffin  wax  are  noticeable.  The  crystals  are  filtered  off  at  the 
same  low  temperature  on  a cooled  filter  and  washed  with  the  alcohol- 
ether  mixture,  previously  cooled  down  to  -20°  to  -21°  C.,  until  5 
to  10  c.c.  of  the  filtrate  no  longer  give  an  oily  residue.  Prolonged 
washing  beyond  this  point  leads  to  loss.  The  paraffin  wax  retained 
on  the  filter  is  rinsed  into  a capsule  with  benzene.  The  solvent  is 
then  evaporated  off  and  the  residue  dried  at  105°  C.  for  15  minutes. 
Prolonged  heating  in  the  air-bath  should  be  avoided,  as  thereby  loss 
may  occur. 

The  objections  raised  by  Eisenlolir 1 against  this  method  because 
of  its  leading  to  incorrect  results  in  the  case  of  soft  paraffin  waxes 
have  been  met  by  a modification  of  the  original  process  ( Holde  and 
Allen).2 

“ Deblooming  ” Agents. — For  the  purpose  of  artificial  deblooming, 
nitrobenzene  or  nitronaphthalene  are  most  frequently  employed. 
Since  both  are  soluble  in  dimethylsulphate,  Valenta  suggests  this 
reagent  as  a means  of  extracting  them. 

Nitrobenzene  is  readily  detected  by  its  smell,  especially  on  warm- 
ing. It  should,  however,  be  noted  that  nitrobenzene  is  added 
frequently  as  a perfume.3 

For  the  detection  of  nitronaphthalene  in  mineral  oils,  Leonard 4 
proposes  the  following  method,  which  is  based  on  the  reduction  of 
nitronaphthalene  to  naphthylamine  : — A small  quantity  of  the  oil  is 
gently  warmed  with  zinc-dust  and  dilute  hydrochloric  acid,  and  the 
mixture  agitated  from  time  to  time.  The  faecal  odour  characteristic 
of  a-naphthylamine  will  then  be  noticed.  The  acid  aqueous  liquid 
is  drawn  off  and  tested  in  the  following  manner  : — A portion  of  the 
liquid  is  neutralised  with  ammonia ; on  adding  ferric  chloride  a 
blue  precipitate  is  obtained  which  rapidly  becomes  purple.  The 
remainder  of  the  liquid  may  be  made  alkaline  with  soda  and  ex- 
tracted with  ether.  The  latter  is  then  evaporated,  and  the  residue 
dissolved  in  a little  alcohol.  On  the  addition  of  a drop  of  a solution 
of  sodium  nitrite,  which  has  been  acidified  with  acetic  acid,  a yellow 
colour  is  produced.  On  adding  hydrochloric  acid  the  colour  is 
changed  to  crimson. 

1 Zeit.f.  angew.  Chem.  1897,  332. 

2 Chem.  Rev.  1898,  112,  131  ; cp.  also  Clifford  Richardson,  Journ.  Soc.  Chem.  Ind. 
1902,  690. 

3 Cp.  French  patent  365,335  (Haenflein  and  Kornfeld).  The  addition  of  ethereal 
oils,  in  conjunction  with  gum  benzoin  and  other  gums,  to  lubricating  oils  intended  for 
internal  combustion  engines  has  been  claimed  by  English  pateut  9202  (1906).  Cp.  also 
German  patent  205,883  (L.  G.  Leffer). 

4 Journ.  Soc.  Chem.  Ind.  1894,  69  ; cp.  also  Holde,  ibid.  1894,  906. 
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Examination  of  Greases  and  Solid  Lubricants 

The  greases  are  conveniently  subdivided  into 

(a)  Solidified  Oils; 

(/3)  Rosin  Greases  ; Axle  Greases  ; 

(y)  Lubricating  Greases  ; Lubricating  Pastes. 


(a)  Solidified  Oils 

The  solidified  oils  contain  as  a rule  no  water ; they  consist  pre- 
ponderantly of  mineral  lubricating  oils  (of  high  specific  gravity), 
which  have  been  “ solidified  ” or  “ gelatinised  ” by  means  of  soda-,  lime-, 
or  aluminium-soap.  The  manufacture  of  “ solidified  oils  ” of  this  kind 
is  exemplified  by  Eckenberg’s  patent1: — Fatty  acids  (from  wool  wax 
or  crude  wool  fat)  are  dissolved  in  paraffin  oil,  and  about  half  the 
amount  of  alkali  required  for  the  neutralisation  of  the  free  fatty 
acids  is  added.  The  mass  is  then  heated  so  as  to  drive  off  the  water, 
and  poured  into  moulds  whilst  still  hot. 

Lime  soaps — of  fatty  acids  or  rosin  acids — frequently  enter  into 
the  composition  of  solidified  oils. 

Lubricants  of  this  kind  possess  sufficient  consistence  to  be  cut  into 
lumps.  “Vaseline  bricks”  belong  to  this  class  of  solidified  oils. 

The  analysis  of  these  products  embraces  the  determination  of  the 
ash,  of  the  amount  of  unsaponifiable  matter,  and  of  the  combined 
fatty  and  rosin  acids.  Each  of  the  constituents  named  is  then  further 
examined. 


(ft)  Rosin  Greases — Axle  Greases 

Rosin  greases  are  essentially  solutions  of  calcium  rosinate  in 
rosin  oil.  They  are  prepared  by  stirring  dry  slaked  lime,  freed 
from  all  gritty  particles  by  careful  sieving,  into  mineral  oil,  until  a 
homogeneous  mixture  is  obtained,  and  then  adding  rosin  oil. 

The  proportions  of  lime  and  mineral  oil  usually  taken  are  5 and 
95  respectively.  Into  this  mixture  (“stock”)  a distilled  rosin  oil 
(“set”;  German,  Harzsiockol),  containing  rosin  acids  (see  Vol.  I. 
Chap.  IX.),  is  run,  the  mass  is  carefully  stirred  for  a short  time  and 
then  allowed  to  stand.  The  rosin  acids  combine  with  the  lime,  and 
the  lime  soap  so  formed  is  capable  of  holding  both  the  mineral  oil 
and  the  rosin  oil  in  a semi-solid  emulsion.  It  depends  on  the  specific 
gravity  of  the  mineral  oil  as  to  whether  the  grease  is  lighter  than 
water  (“Floating  Grease,”  “ Corfe  Grease”;  German,  Schwimmfett ) 
or  heavier  (“  Non-Floating  Grease  ”). 

1 English  patent  No.  16,541,  1896. 
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(y)  Lubricating  Greases — Lubricating  Pastes 

French — Graisses  consistantes , Graisses  lubrifiantes. 

German — Consistent e Fette,  Starr schmieren , Zdhschmieren. 

Lubricating  greases  represent  essentially  semi-solid  or  solid 
emulsions 1 of  fats,  fatty  oils,  mineral  oils,  rosin  oils,2  with  lime-, 
soda-,  or  zinc-soaps.  They  also  contain  a certain  amount  of  water, 
the  maximum  reaching  35  per  cent. 

These  lubricants  are  prepared  by  dissolving  fatty  oils  and  fats 
or  fatty  acids  in  mineral  oil  and  boiling  with  a solution  of  caustic 
soda  or  with  milk  of  lime  or  zinc  oxide.  The  quantity  of  base 
taken  is  insufficient  to  completely  saponify  the  neutral  fats. 

If  it  be  desired  to  have  only  a small  quantity  of  water  in  the 
finished  product,  as  is  necessary  in  the  case  of  a grease  containing  a 
considerable  quantity  of  lime-soap,  a mixture  of  dry  slaked  lime  and 
mineral  oil  is  prepared  first  (as  described  above,  p.  73),  and  after 
adding  a small  quantity  of  water,  the  fats,  or  fatty  oils,  or  fatty 
acids  are  introduced  and  then  partially  converted  into  lime-soaps  by 
heating.  Solidification  of  the  lime-mineral  oil  “ stock  ” may  be  effected 
at  somewhat  lower  temperatures  by  introducing  rosin  oil  containing 
rosin  acids. 

Another  mode  of  manufacturing  these  lubricants  consists  in 
simply  dissolving  a finished  soda-soap  in  mineral  oil.  In  order  to 
thicken  the  mixture,  aluminium  oleate  is  introduced  together  with  the 
soda  soap.  If  a lead  soap  be  used  the  so-called  galena  oils  are 
obtained. 

To  these  greases  are  also  added  inert  substances,  such  as  talcum, 
powdered  mica,  or  plumbago,3  with  a view  to  increasing  their 
lubricating  power.  Therefore  the  talcum,  mica,  and  plumbago  cannot 
be  looked  upon  as  adulterants.4 

Frequently  greases  of  this  kind  are  perfumed  with  mirbane  oil 
and  coloured  yellow  with  aniline  dyes. 

Special  kinds  of  this  class  of  greases  are  those  known  as  Stauffer’s 
lubricants , Tovote  greases , etc. 

To  this  class  of  lubricants  belong  also  railway  waggon  greases. 
These  are  generally  prepared  by  melting  together  tallow  and  palm 
oil  at  a temperature  of  about  100°  C.,  running  into  the  melted  fat  a 
solution  of  sodium  carbonate,  previously  heated  to  the  same  tempera- 
ture, and  stirring  the  mass  until  it  solidifies.  Since  palm  oil  contains 
a considerable  amount  of  free  fatty  acids,  palm  oil  soap  is  formed, 

1 Cp.  also  Holde,  Zeit.  f.  angew.  Chem.  1908,  2138. 

2 For  cheap  greases  wool  grease  also  is  used.  The  employment  of  wool  wax  is 
claimed  by  German  patents  144,465,  144,657  (Finke),  and  188,712  (Siemsen) ; cp. 
“Emulsified  Oils”  (below). 

3 Cp.  German  patent  189,950  (Knowles  and  Chapman)  ; United  States  patents 
843,426  and  844,989  ; German  patent  191,840  (E.  G.  Acheson)  ; German  patent  140,882 
(W.  F.  Downs)  ; English  patent  23,622  (B.  L.  Philips-Smith). 

4 Downs  (German  patent  140,882)  patents  the  employment  of  castor  oil  as  a binding 
agent  for  lubricants  of  this  kind. 
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which  holds  the  unsaponified  part  of  the  palm  oil  and  the  un- 
saponified tallow  in  solid  emulsion. 

The  machinery  required  for  the  manufacture  of  lubricating 
greases  is  of  the  simplest  description.  The  mixing  of  the  in- 
gredients by  hand  is  still  frequently  resorted  to.  Simple  machinery 
consists  of  a revolving  barrel  turned  by  a handle.  In  more  modern 
installations,  intended  for  large  scale  manufacture,  the  ingredients 
are  boiled  together  in  large  jacketed  pans,  fitted  with  stirring  gear, 
so  that  all  the  mixing  required  can  be  done  in  one  vessel.  In 
the  case  of  more  complicated  greases  the  preparation  of  the  soap 
is  carried  out  in  a separate  vessel,  and  the  intermixing  of  the  other 
ingredients  with  it  is  performed  in  a second  vessel.  In  order  to 
prevent  hard  lumps  of  lime -soap,  or  even  soda -soap,  remaining  in 
the  finished  grease,  the  product  is  run  through  a finely -meshed 
sieve ; in  some  cases,  especially  when  the  grease  is  very  viscous,  it  is 
passed  through  a kneading  machine  (mostly  consisting  of  a pair  of 
rollers)  which  imparts  to  the  finished  grease  homogeneity  and  a 
soft  texture  and  also  some  lustre.  These  machines  are  similar  to 
those  mentioned  under  “ Vegetable  Butter.” 

In  the  examination  of  lubricating  greases  the  determination  of 
the  melting  point  is  frequently  of  importance.  This  may  be  done 
by  PohVs  or  by  Ubbelolide’s  method  (Chap.  V.),  or  by  placing  50  to 
100  grms.  in  a wide  test-tube,  such  as  is  used  for  the  titer  test 
determination,  inserting  a thermometer  in  the  grease,  and  placing  the 
test-tube  in  a water-bath  or  a sulphuric  acid  bath  and  observing  the 
temperature  at  which  the  mass  is  completely  melted.  In  the  last  case 
stirring  of  the  mass  is  essential,  so  as  to  prevent  liquation  or  exuda- 
tion of  the  oils  or  oily  substances  from  the  soaps.  Naturally  the 
melting  point  will  extend  over  a range  of  several  degrees ; the 
indications  thus  obtained  are,  however,  sufficiently  accurate  for  most 
practical  purposes,  as  it  is  merely  required  to  know  whether  the 
grease  will  “ flow  ” within  certain  degrees  of  temperature. 

The  compositions  of  most  of  these  lubricating  greases  are 
guarded  by  their  manufacturers  as  valuable  secrets.  Each  grease 
requires,  therefore,  a special  method  of  analysis.  The  chemical 
examination  comprises  the  determination  of  the  following  con- 
stituents:— 1.  Water;  2.  Fatty  acids  and  (or)  rosin  acid  combined 
as  soap  (free  fatty  acids,  if  any) ; 3.  Unsaponifiable  matter ; 4.  Un- 
saponified fat ; 5.  Ash.  Each  of  the  constituents  named  under 
Nos.  2,  3,  and  4 must  be  further  examined  according  to  the  methods 
detailed  in  Vol.  I.  Chapters  V.-X.,  and  on  the  foregoing  pages. 

The  lubricant  is  first  dried  at  100°  C.  and  the  amount  of  water  is 
thus  found,  provided  volatile  hydrocarbons  or  ethereal  oils  be 
absent  (cp.  p.  66).  At  the  same  time  the  anhydrous  lubricant  is 
obtained  in  a proper  form  for  subsequent  examination.  The  residue 
is  next  extracted  with  a suitable  volatile  solvent,  when  added  mineral 
matters — weighting  substances — and  practically  the  total  amount  of 
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soaps  remain  undissolved,  whereas  the  unsaponifiable  matter  and 
the  unsaponified  fat  (and  free  fatty  acids,  if  any)  pass  into  solution. 
The  undissolved  portion  is  examined  for  soluble  (soda)  soap  by 
boiling  out  with  -water ; if  insoluble  soaps  be  present,  recourse  must 
be  had  to  the  method  described  under  “Metallic  Soaps”  (see  below). 
The  solvent  is  evaporated  off  from  the  dissolved  portion,  and  the 
residue  so  obtained  is  boiled  with  alcoholic  potash.  The  unsaponifiable 
matter  is  then  determined,  and  examined  by  the  methods  detailed  in 
Yol.  I.  Chap.  IX.  The  fatty  acids  and  rosin  acids  liberated  from  the 
soap  solution  may  then  be  further  examined.  The  chemical  analysis 
gives,  however,  no  definite  information  as  to  the  lubricating  value. 

Hot  neck  Greases  (see  under  “ Candle  Manufacture  ”). 

Stuffing*  Greases  (see  Chap.  XVI.). 


III.  Mechanical  Tests 

The  physical  and  chemical  examinations  described  above  by  no 
means  exhaust  the  tests  to  which  a lubricating  oil  must  be  submitted 
in  order  to  arrive  at  a definite  opinion  as  regards  its  suitability  for  a 
given  purpose.  It  may  therefore  be  useful  to  point  out  once  more 
that  the  determination  of  the  viscosity  does  not  furnish  a complete 
answer  as  to  the  lubricating  value  of  a given  oil,  for  a substance  may 
be  viscous  and  yet  not  be  a good  lubricant,  as  not  having  the  “ body  ” 
or  “ oiliness  ” (German,  Schlupfrigkeit ) which  shows  itself  by  the 
“ smoothness  ” felt  when  the  oil  is  rubbed  between  the  fingers. 
On  the  “ smoothness  ” or  “ oiliness  ” depends  the  thickness  of 
the  oil  - film  which  a lubricant  forms  when  applied  to  running 
machinery.  “ Smoothness  ” or  “ oiliness  ” depends  on  the  nature  of 
the  oil,  and  is  greatly  affected  by  the  pressure,  speed  of  the  run- 
ning machinery,  and  also  by  the  temperature  to  which  the  lubricant 
is  exposed. 

It  is  impossible  to  ascertain  the  behaviour  of  a given  oil  in 
these  respects  by  means  of  the  physical  and  chemical  examinations 
described  above.  Hence  they  must  be  sujiplemented  by  mechanical 
tests. 

Railway  companies  and  other  large  consumers  of  lubricants 
test  the  lubricating  power  of  these  by  means  of  specially  designed 
apparatus,  “ oil-testing  machines,”  simulating  as  nearly  as  possible  the 
conditions  obtaining  in  practice. 

A considerable  number  of  mechanical  oil-testing  machines  have 
been  described  and  patented.  Since  this  subject  necessarily  falls 
outside  the  scope  of  this  work,  the  reader  is  referred  to  the  sources 
given  in  the  footnote.1  It  should,  however,  be  noted  that  opinions 

1 Tower,  Proc.  Inst.  Mech.  Eng.  1883-1891  ; Redwood,  Journ.  Soc.  Chern.  Ind.  1886, 
121  ; Carpenter- Leask,  Soaps  and  Candles,  pp.  258-313  ; Thorpe’s  Dictionary  of 
Applied  Chemistry , vol.  ii.  p.  474  ; Thurston,  Treatise  on  Friction  and  Lubrication , 
pp.  248-263  ; B.  Redwood,  Petroleum,  p.  634  ; Goodman,  Recent  Researches  in  Friction  ; 
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arrived  at  on  the  strength  of  tests  carried  out  by  means  of  oil-testing 
machines  are  not  always  confirmed  by  practice.  For  although  the 
best  oil-testing  machines,  if  attended  to  properly,  furnish  comparable 
results,  these  do  not  depend  solely  on  the  properties  of  the  lubricant, 
but  to  a considerable  extent  also  on  the  material  of  the  bearings  and 
on  the  condition  of  the  latter.  Moreover,  a great  deal  depends  on 
the  manner  in  which  a lubricating  oil  is  applied.  At  present,  when 
“pressure”  lubrication  is  substituted  for  “drip”  lubrication,  the 
construction  of  the  bearings  is  entirely  different  from  that  used  in 
testing  machines. 


Y. — WOOL  OILS— CLOTH  OILS1 

French — Huiles  d’ensimage.  German — Wollspickole , Wollschmcilzole, 

JVoll'ole.  Italian — Olii  da  filatura. 

Under  the  trade  term  “ wool  oils  ” or  “ cloth  oils  ” are  comprised 
all  those  oils  that  are  used  by  woollen  manufacturers  for  lubricating 
the  wTool  before  spinning,  or  for  oiling  the  rags  before  grinding  and 

pulling. 

The  best  wool  oils  consist  of  pure  fatty  oils,  such  as  olive  oil,  lard 
oil,  neat’s  foot  oil.  Besides  these,  oleic  acid  (“  saponification  oleine  ” 
or  “saponified  oleine,”  “distillation  oleine”  or  “distilled  oleine,”  see 
below)  is  used  largely  as  a cheaper  kind  of  wool  oil.  It  commends 
itself  also  for  the  reason  that  it  is  easily  removable  in  the  scouring 
process ; still,  it  should  not  be  used  for  the  finest  goods,  as  the  action 
of  the  fatty  acid  on  the  metal  of  the  scribblers  is  apt  to  cause  defects 
in  the  woven  goods.2  The  tendency  to  produce  cheap  wool  oils, 
especially  those  for  use  with  the  lowest  textile  goods,  has  led  to  the 
employment  of  “ distilled  grease  oleine  ” (see  Chap.  XVI.),  and  even 
“ waste  oils,”  such  as  “ black  recovered  oil,”  “ seek  oil,”  and  “ brown 
grease  oil”  (cp.  “Waste Fats, ’’Chap.  XVI.).  The  last-named  oils  contain 
considerable  amounts  of  unsaponifiable  matter.  Besides  these  oils 
there  are  found  in  commerce  large  quantities  of  “manufactured  oils,” 
representing  blends  of  the  above-named  wool  oils,  as  also  blends 
containing  mineral  oils.  The  principles  upon  which  the  valuation  of 
wool  oils  should  be  based  are  the  following : — 

(1)  Wool  oils  should  be  easily  removable  in  the  scouring  process. 

Proc.  Inst.  Civil  Engineers , vol.  85  ; Archbutt  and  Deeley,  Lubrication  and  Lubricants, 
p.  319  ; Holde,  Die  Untersucliung  der  Schmiermittel,  p.  224  ; Weiss,  Dingl.  Polyt. 
Journ.  309  (1898),  7b  ; H.  V.  Blake,  English  patent  25,492,  1902  ; K.  Wilkens, 
English  patent  20,998,  1902  ; English  patent  15,897,  1902  (Dettmar’s  Oil-Testing 
Apparatus  : cp.  Chem.  Zeit.  1906,  155,  306)  ; Kirsch,  Mitt.  d.  K.K.  Technolog.  Geicerbi. 
Museums,  1906,  xvi.  No.  1 ; Mabery  and  Mathews,  Journ.  Amer.  Chem.  Soc.  1908,  992. 

1 Cp.  Lewkowitsch,  Journ.  Soc.  Dyers  and  Colourists,  1896,  60  ; Journ.  Soc.  Chem. 
Ind.  1896,  459. 

2 “ Ricinoleic  ” acid  (castor  oil  fatty  acid)  has  also  been  recommended  as  a wool  oil 
(Crosfield  and  Markel,  English  patent  9946,  1904).  The  advantage  claimed  over  oleic 
acid  is  that  the  castor  oil  acids  do  not  solidify  so  readily  as  does  the  former  at  low 

temperatures. 
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They  should  therefore  be  free  from  drying  and  semi-drying  oils  or 
their  fatty  acids,  as  also  from  rosin  acids  and  rosin  oils,  since  all 
these  substances  offer  great  resistance  to  removal  in  the  scouring 
process,  become  sticky,  leave  an  unpleasant  odour  on  the  fabric,  and 
cause  stains  in  the  finished  cloth.  For  the  best  goods  even  small 
quantities  of  hydrocarbons  in  the  oils  are  objectionable. 

Although  mineral  oils  readily  form  emulsions  with  soap  solutions, 
practical  experience  shows  that  they  are  not  so  easily  removable  as 
their  behaviour  with  soap  solutions  might  lead  to  anticipate,  and  that 
they  actually  militate  against  the  obtainment  of  properly  bleached 
goods.  Therefore,  for  best  goods  wholly  saponifiable  wool  oils  only 
should  be  used.  The  low-class  wool  oils  containing  large  proportions 
of  hydrocarbons  can  only  be  removed  by  the  employment  of  strongly 
alkaline  soaps.1 

(2)  Wool  oils  should  develop  as  little  heat  as  possible  both  in  the 
stored  raw  material  and  during  the  working  of  the  oiled  material. 
Drying  and  even  semi-drying  oils  easily  give  rise  to  a development  of 
heat  sufficient  to  cause  spontaneous  combustion  or  to  produce  heat  in 
the  scribbling  and  carding  process. 

(3)  The  liability  of  oils  to  favour  the  spreading  of  fire  should  be  as 
small  as  possible.  Since  the  Fire  Insurance  Offices  put  great  strictures 
on  the  users  of  wool  oils,  and  assess  the  insurance  premiums  according 
to  the  quality  of  the  oils  employed,  it  may  be  found  useful  to  quote 
the  order  in  which  the  oils  are  arranged  in  the  schedules  of  the  Fire 
Insurance  Companies  in  this  country  : — 

A.  Free  from  any  extra  charge  are — Olive  (Gallipoli)  oil,  lard  oil, 
oleine  (“saponified”  or  “distilled”)  not  containing  more  than  10  per 
cent  of  unsaponifiable  matter,  fish  oil,  or  a manufactured  oil  (“purified 
by  distillation  or  saponification,”  whatever  this  may  mean)  containing 
not  more  than  30  per  cent  of  unsaponifiable  matter,2  and  having  a 
flash  point  not  under  340°  F.  (167*8°  C.). 

B.  A higher  rate  (5  shillings  extra)  is  charged  for — Manufactured 
oils  containing  more  than  30  per  cent,  but  not  more  than  50  per 
cent,  of  unsaponifiable  matter. 

C.  A still  higher  rate  (7 J shillings  extra)  is  charged  for — Black 
(recovered)  oil  (Chap.  XVI.),  not  prepared  or  purified  by  saponifica- 
tion or  distillation,  or  any  other  oil  not  included  in  A or  D,  or  any 
composition  containing  them  or  any  of  them  and  not  containing  more 
than  50  per  cent  of  unsaponifiable  matter. 

D.  The  highest  rate  (21  shillings)  is  charged  for — Manufactured  oils 
containing  more  than  50  per  cent  of  unsaponifiable  matter,  or  any 
mineral  oil,  oil  of  pine,  linseed  oil,  rape  oil,  cotton  seed  oil,  or  any 
other  seed  oil. 

Neat’s  foot  oil  and  tallow  oil  are  not  mentioned  in  these  schedules, 

1 Cp.  Lewkowitsch,  Journ.  Soc.  Dyers  and  Colourists , 1894,  March  ; Journ.  Soc.  Chem. 
Ind.  1894,  258  ; Journ.  Soc.  Dyers  and  Colourists , 1896,  60  ; Journ.  Soc.  Chem.  Did.  1896, 
459  ; Spennrath  and  Walther,  Journ.  Soc.  Chem.  Ind.  1895,  362  ; Ulrich,  Augsburger 
Seifensieder  Zeitung,  1903,  688. 

2 The  Austrian  Fire  Insurance  Companies  allow  only  15  per  cent  of  unsaponifiable 
matter. 
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although  they  are  very  useful  wool  oils  and  quite  harmless,  whereas, 
curiously  enough,  fish  oil,  which  is  a very  dangerous  oil  (since  cotton 
rags  oiled  with  fish  oil  will  ignite  spontaneously),  is  permitted  free  of 
extra  charge.  True,  cotton  seed  oil,  which  is  equally  dangerous,  is 
rightly  placed  amongst  the  oils  charged  at  the  highest  rate,  but  it  is 
unintelligible  why  “ oil  of  pine  ” is  classed  amongst  wool  oils  (cp.  also 
table,  p.  85). 

Mineral  oils  in  themselves  are  not  liable  to  spontaneous  com- 
bustion ; experience  shows,  however,  that  once  a fire  has  broken  out, 
they  assist  the  rapid  spreading  of  it.  For  this  reason  strictures  are 
laid  on  the  use  of  oils  containing  high  proportions  of  mineral  oils. 

Therefore  the  determination  of  the  unsaponifiable  matter  and  of  the 
flash  point  are  of  the  greatest  importance  in  the  analysis  of  wool  oils. 

The  examination  of  wool  oils  comprises  the  test  for  purity, 
including  the  determination  of  the  unsaponifiable  matter.  Some 
analysts  ascertain  the  saponifiable  matter  only,  i.e.  the  sum  of  the 
neutral  fat  and  fatty  acids,  by  boiling  the  sample  with  alcoholic 
potash  (Chap.  VI.),  and  calculating  the  amount  of  potassium  hydrate 
(KOH)used  to  oleic  acid,  thus  obtaining  the  “unsaponifiable  matter” 
by  difference.1  This  method  must  be  rejected  as  leading  to  erroneous 
results  in  many  cases ; the  unsaponifiable  matter  should  be  deter- 
mined direct  by  extraction  with  a solvent  (Vol.  I.  Chap.  IX.).2 

Another  error  committed  by  some  analysts  is  to  return  the 
“ unsaponifiable  matter  ” as  mineral  oil,  a misnomer  which  may  lead 
to  considerable  loss  to  the  user  of  the  oil.  The  unsaponifiable  matter 
should  only  be  returned  as  mineral  oil,  when  the  detailed  examina- 
tion warrants  such  a statement.  Even  if  the  unsaponifiable  matter 
be  liquid  or  fluorescent  (cp.  Chap.  XVI.  “ Distilled  Crease  ”),  it  must 
not  be  judged  to  consist  of  mineral  oils,  as  the  hydrocarbons  formed 
by  destructive  distillation  of  wool  fat1  have  the  same  appearance. 
In  case  wool -fat  hydrocarbons  be  present,  they  will  show  the 
isocholesterol  reaction  (Chap.  III.).  It  should  be  noted  that  since  the 
Fire  Insurance  Offices  fix  their  rates  according  to  the  amount  of 
unsaponifiable  matter,  rosin  is  now  added  fraudulently.  This  is 
detected  and  determined  in  the  saponifiable  part  (i.e.  soap  solution)  as 
described  in  Vol.  I.  Chapter  X. 

The  determination  of  the  flash  point  is  carried  out  as  described, 
p.  57.  The  flash  point  of  a wool  oil  should  not  be  below  170°  C. 
(340°  F.). 

A rapid  method  of  determining  the  relative  liability  of  wool  oils 
to  spontaneous  combustion  is  afforded  by  using  Mackey’s  “ Cloth  Oil 
Tester.” 

This  apparatus  (Fig.  8)  consists  essentially  of  a cylindrical  metal 
water-bath,  provided  with  a lid  having  a nozzle  for  inserting  a ther- 

1 Cp.  Lewkowitsch,  Journ.  Soc.  Chem.  Ind.  1892,  142.  The  importance  of  this 
question  with  regard  to  insurance  risk  has  been  clearly  stated  in  a paper  by  Mackey , 

I read  before  the  Insurance  Institute  of  Yorkshire.  Cp.  The  Textile  Manufacturer 
I 1894,  18.  ’ 

2 The  determination  of  free  fatty  acids  is  of  minor  importance.  Cp.,  however, 
Richardson  and  Jaffe,  Journ.  Soc.  Chem.  Ind.  1905,  534. 
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mometer,  and  fitted  with  two  tubes  A and  B for  air  currents  which 
pass  through  the  cylinder  in  the  directions  of  the  arrows.  Inside  the 
apparatus  is  placed  a cylinder  C of  wire  gauze,  containing  a ball  of 
cotton  wool  oiled  with  the  sample  under  examination.  To  perform 
the  test,  weigh  out  14  grms.  of  the  sample  into  a shallow  dish  con- 
taining 7 grms.  of  clean  cotton  wool.  Tease  out  carefully  the  cotton 
wool  by  hand,  so  that  the  oil  is  thoroughly  distributed  throughout 
the  mass.  This  teasing  and  incorporation  of  the  oil  with  the  cotton 
must  be  done  with  the  greatest  care,  as  the  success  of  the  experiment 
depends  on  the  even  distribution  of  the  oil.  Transfer  the  oiled 

ft  ft 


I 


Fig.  8. 


cotton  wool  to  the  cylindrical  cage  C,  holding  the  thermometer  in  its 
place,  whilst  the  cotton  wool  is  being  packed  around  it.  Bring  the 
water  in  the  jacket  to  vigorous  boiling,  place  the  cage  in  the  air-bath, 
slip  the  lid  down  over  the  stem  of  the  thermometer,  and  fix  it  in  its 
place 1 by  means  of  the  clamp  D.  Keep  the  water  in  the  bath 
boiling,  and  note  the  temperature  after  the  lapse  of  one  hour.  Care 
must  be  taken  that  no  moisture  enters  the  air-bath. 

If  the  thermometer  registers  over  100°  C.  at  the  end  of  the  first 
hour,  the  oil  under  examination  must  be  considered  as  dangerous. 
In  the  case  of  very  dangerous  oils  the  temperature  will  run  up  to 

1 The  thermometer  provided  with  the  apparatus  bears  a red  mark  on  the  stem  ; it 
should  be  so  fixed  that  the  red  mark  is  just  visible.  The  apparatus  is  supplied  by 
Reynolds  and  Branson,  Leeds. 
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200°  C.  within  one  hour  and  a half.  Should  the  temperature  rise 
very  rapidly  above  150°  C.,  it  is  best  to  withdraw  the  thermometer, 
as  the  oiled  cotton  wool  may  ignite. 

The  following  table  contains  the  results  of  a number  of  experi- 
ments carried  out  by  Mackey 1 : — 


No. 

Substance. 

Tempera- 
ture in 
1 hr. 

Tempera- 
ture in 
1 hr.  15  m. 

Tempera- 
ture in 
1 hr.  30  m. 

Tempera- 
ture in 
2 hrs. 

Maximum. 

1 

Cotton  seed  oil*2 

°C.  =°F. 
125  = 257 

°C.  =°F. 
242  = 468 

°C.  =°F. 

°C.  =°F. 

°C.  = °F.  H.  M. 
242  = 468  1 1 

*2 

, ,,  ...... 

121  = 250 

242  = 468 

282  = 540 

284  = 543  1 35 

3 

...... 

128  = 262 

212  = 414 

225  = 437 

225  = 437  1 30 

4 

. ...... 

124  = 255 

210  = 410 

248=478  1 35 

5 

,,  ,,  ...... 

116  = 241 

192  = 378 

200  = 392 

200  = 392  1 30 

t) 

,,  ,,  ...... 

118  = 244 

191  = 376 

202  = 396 

202  = 396  1 30 

7 

,,  ,,  ...... 

117  = 243 

190  = 374 

194  = 381 

194  = 381  1 30 

8 

,,  ,,  ...... 

112  = 234 

177  = 351 

204=399 

211  = 412  1 45 

9 

Olive  oil  fatty  acids 

114  = 237 

177  = 351 

196=385  1 25 

10 

,,  ,,  ..... 

105  = 221 

165  = 329 

293  = 559  1 55 

11 

102  = 216 

135  = 275 

208  = 406 

226  = 439  1 45 

12 

White  Australian  Oleine  .... 

103  = 217 

115  = 239 

191  = 376 

230  = 446  1 45 

13 

Olive  oil  (containing  1 % free  fatty  acids)  . 

98  = 208 

102=216 

104  = 219 

241  = 466  3 25 

14 

Oleine 

98=208 

101  = 214 

102  = 216 

110  = 230  2 8 

15 

97%  Oleine 

98=208 

100=212 

102  = 216 

172  = 342  3 15 

16 

Belgian  Oleine 

98=208 

99  = 210 

100  = 212 

173  = 343  3 16 

17 

Olive  oil  (neutral) 

98  = 208 

100=212 

101  = 214 

235  = 455  5 15 

18 

,,  ,,  ...... 

97  = 207 

100  = 212 

101  = 214 

228=442  4 30 

19 

»>  ,,  ...... 

97  = 207 

101  = 214 

235  = 455  4 55 

20 

Cotton  seed  oil 

139  = 282 

200=392  1 4 

1 21 

Olive  oil 

99  = 210 

loi  = 2i4 

102  = 21.6 

103  = 21.7 

113=235  4 30 

| 22 

Mixture  of  50%  of  No.  20  and  50%  of  No.  21  . 

102=216 

117  = 243 

200  = 392  1 29 

! 23 

„ 25  „ „ 75 

99  = 210 

105  = 221 

11.2  = 234 

200=392  1 52 

24 

„ 10  ,,  ,,  90 

99  = 210 

102  = 216 

105  = 221 

127  = 261 

200  = 392  2 9 

The  method  described  being  a comparative  one,3  the  directions 
given  must  be  strictly  followed.  It  will  be  found  useful,  before 
examining  a sample,  to  test  pure  olive  and  cotton  seed  oils  as  repre- 
sentatives of  a safe  oil  and  a dangerous  oil  respectively. 

The  author  has  worked  very  extensively  with  this  “ Cloth  Oil 
Tester,”  and  can  recommend  it  as  being  a very  useful  instrument. 
Less  simple  is  the  apparatus  described  by  Richards .4  This  consists 

of  an  outer  shell  formed  by  a 6-inch  wrought-iron  tube,  closed  at  each 
end  by  a removable  disc  of  wood.  Into  this  tube  is  inserted  an  inner 
4-inch  tube  of  sheet-iron,  with  an  overlapping  metal  cover  at  each  end. 
Thus  there  is  left  an  air  space  of  1 inch  round  the  inner  tube  and 
of  3 inches  at  each  end.  The  apparatus  is  placed  on  a tripod  and 
heated  by  a Bunsen  burner.  Three  thermometers,  which  are  inserted 
into  the  inner  shell  through  the  outer  one,  allow  the  temperature  to 
be  read  off. 

To  test  an  oil,  50  grms.  are  evenly  distributed  over  50  grms.  of 

1 Journ.  Soc.  Chem.  Ind.  1896,  90.  Similar  but  very  rough  experiments  were  made 
before  him  by  Gellatly  (1874)  to  test  the  liability  to  spontaneous  combustion  of 
lubricating  oils.  Cp.  also  Kissling,  Journ . Soc.  Chem.  Ind.  1895,  479.  . 

2 Linseed  oil  and  also  maize  oil  would,  of  course,  “ fire  ” much  sooner. 

3 In  order  to  obtain  more  uniform  results,  Archbutt  {Journ.  Soc.  Chem.  Ind.  1899, 
347)  recommends  the  passing  of  a regulated  current  of  air,  two  litres  per  minute,  through 
the  apparatus  (Fig.  68)  down  the  tube  B. 

4 Journ.  Soc.  Chem.  Ind.  1892,  547.  The  apparatus  is  also  known  as  Ordway's. 
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cotton  waste ; the  waste  is  carefully  pushed  into  one  end  of  the  inner 
tube,  and  a thermometer  inserted  into  the  middle  of  the  ball.  A 
second  ball  of  un oiled  waste  is  placed  similarly  at  the  other  end  of 
the  tube.  On  heating,  the  thermometer  inserted  into  the  blank 
waste  should  not  rise  above  100°-101°C. ; this  can  be  easily  con- 
trolled by  the  reading  of  the  middle  thermometer.  The  latter  should 
be  kept  at  about  125°  C.  The  results  obtained  with  this  apparatus 
are  stated  to  have  been  useful  for  ascertaining  the  cause  of  fires  and 
for  gauging  the  degree  of  safety  of  oils.  Furthermore,  the  percentage 
of  fatty  oil  which  may  be  safely  mixed  with  mineral  oil  was  thus 
determined.  The  experiments  showed  that  neat’s  foot  oil  and  best 
lard  oil  may  be  mixed  with  mineral  oil  to  the  extent  of  50-60  per 
cent  of  the  latter,  while  in  the  case  of  cotton  seed  oil  the  limit  of 
safety  was  reached  at  25  per  cent. 

Gill1  proposed  a modified  Ordway 2 apparatus  by  using  a 4-inch 
jacketed  tube.  The  jacket  is  filled  with  water  and  heated  by  a 
liame  until  15  lbs.  pressure  is  marked,  so  that  the  blank  waste  attains 
a temperature  of  100°  C.  The  cotton  waste  is  confined  in  wire  gauze 
cages,  and  after  the  temperature  has  reached  125°  C.  a blast  of  air  at 
a pressure  of  7 lbs.  is  blown  through  the  apparatus  at  the  rate  of  0‘4 
cubic  feet  per  minute.  The  results  obtained  by  the  three  apparatus 
are  shown  in  the  following  table : — 

1 Journ.  Soc.  Chem . Ind.  1907,  185. 

2 Ibid.  1892,  547.  The  apparatus  is  also  described  as  Richards'. 
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Comparison  of  the  Various  Apparatus  for  the  Spontaneous  Combustion 

Test  of  Oils 


Mackey  Apparatus. 

1 

Ordway  Apparatus. 

Gill’s  Apparatus. 

Oil. 

Temp. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

°C. 

Mins. 

°C. 

Mins. 

°C. 

Mins. 

Olive,  containing  5 ‘3 

per  cent  of  free  fatty 
acid ; iodine  value  85  *4 

234  1 

130 

222 

180 

186 

205 

230 

130 

150 

300 

196 

190 

221 

260 

Lard,  containing  trace 

of  free  fatty  acid  ; of 
iodine  value  75 '2 

234 1 

80 

200 

150 

192 

185 

234 

75 

215 

290 

197 

230 

220 

220 

Oleine 

Oleic  acid  of  iodine 

178  2 

165 

195 

360 

value  60’5 

113 

150 

178 

120 

158 

188 

275 

190 

Cotton  seed,  practically 

neutral ; iodine  value 
108-9 

234 1 

70 

186 

135 

200 

225 

234 1 

75 

200 

280 

198 

265 

Linseed,  practically 

neutral ; iodine  value 
168-1 

234 

65 

160 

120 

201 

165 

234 

75 

218 

240 

192 

130 

25°  Paraffin ; iodine 

value  16*2 

97 

135 

... 

102 

280 

It  will  be  seen  that  Mackey's  apparatus  gives  the  most  concordant 
results  in  the  shortest  time. 

In  the  following  table  are  collated  a few  analyses  of  some  distilled 
•oleines  from  “ recovered  grease,5’  which  are  used  as  wool  oils  : — 

1 This  was  as  high  as  the  thermometer  furnished  with  the  apparatus  would  indicate  ; 
other  temperatures  represent  the  maximum  temperature  attained. 

2 Not  the  same  sample  as  the  others.  Other  figures  were : 200°  in  150  minutes, 
174°  in  180  minutes,  201°  in  195  minutes. 
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Wool  Oils — Distilled  Oleines  from  Recovered  Grease 1 


Flash  Point. 

Specific 
Gravity  at 
15-5°  C. 

Free  Fatty 
Acids. 

Unsaponifiable. 

Neutral  Wax. 

Observer. 

°F. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

0*8894 

77 -2  2 

26-8 

Allen 

0-9083 

55-3  2 

35-9 

ii-6 

> 9 

54-93 

34-5 

11  -28  4 

Lewkowitsch 

338 

0-9031 

55*02 

34-66 

Hurst 

342 

0-8980 

56-26 

29-46 

9 9 

322 

0-9050 

53-65 

16-32 

99 

0-9000 

59-83 

38-92 

9 9 

0-9091 

64-42 

9-95 

„ 

415 

0-941 

41-7 

Hess 

0-9060 
at  15° 

41 ‘5  5 

57 -7 6 

Marcusson  7 

A few  analyses,  due  to  Mackey , of  low-class  wool  oils  are  collated' 
in  the  following  table  : — 


Description. 

Flash 

Point. 

Moisture. 

Unsaponi- 

fiable. 

Brown  oleine,  compound  oil  of  English  distilled 

° F. 

Per  cent. 

Per  cent. 

and  foreign  oils  ...... 

396 

0-77 

12-95 

Brown  foreign  oleine,  Belgian  .... 

354 

0-75 

18-69 

Brown  “oleine  cloth  oil,”  “manufactured” 

“ Black  oil,”  recovered  after  using  foreign  and 
English  distilled  oleines  (flannel  district,  Lan- 

349 

0-64 

25-58 

cashire)  

“ Brown  grease,”  recovered  after  using  Gallipoli 

367 

1-27 

29-65 

oil 

Distilled  oleine  from  brown  grease  and  once 

419 

1-07 

29-77 

recovered  olive  oil 

‘ ‘ Black  oil,”  recovered  after  using  oleine  and  better 

342 

0-77 

37-19 

class  “ cloth  oils  ” (half  “ seek,”  8 half  waste) 

369 

1-11 

38-50 

Brown  oleine,  distilled  from  brown  grease 
“ Black  oil,”  recovered  after  using  recovered  and 

338 

0-69 

52-35 

low  cloth  oils  (from  waste)  .... 
“Brown  pulling  oil”  (for  rags),  brown  grease 

331 

0-67 

67-30 

and  hydrocarbons  ...... 

374 

0-74 

78-25 

A more  complete  series  of  analyses  of  some  commercial  wool  oils 
carried  out  by  the  author  is  given  in  the  following  table  : — 

1 Cp.  Vol.  I.  Chap.  XI.  and  Vol.  III.  Chap.  XVI.  2 Calculated  as  oleic  acid. 

3 Mean  molecular  weight  286. 

4 Consisting  of  7‘02  per  cent  of  fatty  acids  and  4 ‘26  per  cent  of  combined  alcohols. 

5 Iodine  value  35 ‘2,  mean  molecular  weight  276. 

6 Consisting  of  52  *7  per  cent  of  hydrocarbons  and  5 per  cent  of  alcohols. 

7 Mit.  Konigl.  Vers.-Anstalt,  Berlin,  1903,  48. 

8 Cp.  Chap.  XVI.  “Seek  Oil.” 
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“ Emulsion  Wool  Oils.” — These  are  largely  used  on  the  Continent, 
and  also  in  this  country  in  the  manufacture  of  worsted  goods, 
the  chief  advantage  claimed  for  them  consisting  in  that  they  are 
readily  removed  from  the  fibre.  They  are  prepared  by  thoroughly 
intermixing  neutral  oils  and  oleic  acid  with  aqueous  ammonia  or 
an  aqueous  solution  of  sodium  carbonate.  Practically  they  consist, 
therefore,  of  an  emulsion  of  oil  and  soap  solution  (cp.  “Emulsified 
Oils  ”). 

Since  many  emulsion  oils  of  this  class  part  with  the  neutral  oil 
on  slight  dilution  with  water,  some  manufacturers  add  gum  or 
gelatin-like  substances.  These  are  detected  by  adding  strong  alcohol, 
which  precipitates  them.  Also  decoctions  of  Carragheen  moss, 
“ alginic ” acid,  and  other  “emulsifiers”  (see  “Emulsified  Oils”)  have 
been  proposed  for  the  same  purpose.  The  following  table  (p.  87) 
contains  the  analyses  of  several  “ emulsion  wool  oils  ” : — 
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With  a view  to  producing  emulsion  wool  oils  which  remain  clear 
even  on  being  strongly  diluted  with  water,  use  is  made  of  the  property 
of  dilute  castor  oil  soap  and  sulphonated  castor  oil  solutions  (see 
p.  90)  of  holding  neutral  oils  in  solution.  Hence  a number  of 
preparations  are  in  the  market  which  consist  either  of  castor  oil  soap 
containing  unsaponified  castor  oil 1 or  oleine 2 or  sulphonated  castor 
oil,3  completely  or  partly  neutralised  with  ammonia  and  (or)  a fixed 
alkali4  (cp.  “Turkey-red  Oils,”  below).  For  emulsion  oils  prepared 
from  castor  oil  soap  and  carbon  tetrachloride  see  “ Textile  Soaps,” 
below ; for  emulsion  oils  from  soap  solutions  and  wool  fat  cp. 
Hutchinson , English  patent  15,241,  1900. 

Whereas  no  serious  objection  may  be  raised  against  the  prepara- 
tions mentioned  in  the  last  lines,  emulsion  wool  oils  prepared  from 
sulphonated  cotton  seed  oil 5 or  other  semi-drying  or  drying  oils, 
or  even  from  sulphonated  oleic  acid  (see  “ Turkey-red  Oils  ”),  cannot 
be  considered  suitable  for  oiling  wool.  Emulsion  wool  oils  containing  a 
considerable  amount  of  rosin  acids  or  rosin  oil  have  also  been  patented. 
These  preparations  fall  under  the  strictures  mentioned  p.  78,  and 
need  not,  therefore,  be  considered  here.  With  regard  to  emulsion  oils 
containing  mineral  oils,  see  the  following  section,6  “ Emulsified  Oils 
and  Fats.” 


VI.— EMULSIFIED  OILS  AND  FATS 

Under  this  heading  is  comprised  a group  of  widely  different  com- 
mercial preparations  which  fall  only  to  some  extent  under  section 
A of  this  chapter.  Indeed,  they  include  products  which  are  dealt 
with  as  manufactured  products  under  the  sections  B and  C.  Of 
necessity,  some  of  the  preparations  to  be  mentioned  have  already 
been  described  in  the  preceding  sections  of  this  chapter  (e.g.  under  the 
heading  of  “Solidified  Greases”  and  “Emulsion  Wool  Oils”).  It 
appears  convenient  to  review  all  these  products  in  this  section,  and 
to  refer  the  reader  to  the  subsequent  sections  of  this  chapter  with 
regard  to  those  constituents  which  must  be  considered  later  on  more 

fully- 

The  characteristic  feature  common  tp  all  true,  i.e.  permanent, 
emulsions  prepared  from  oils  and  fats  is,  that  they  contain  notable 
amounts  of  water.7  Mere  mechanical  intermixing  of  refined  oils  and 
fats  with  water  will  not  produce  emulsions,  however  intimate  the 
contact  of  the  fatty  substances  and  the  water  may  be  made.  After 

1 Cp.  English  patent  7231,  1905  (Riep  anil  Bauer). 

2 English  patent  7491,  1901  (Sella). 

3 German  patents  113,433,  126,541,  159,220,  169,930  (Stockhausen). 

4 English  patent  23,768,  1906  (Common  and  The  Hull  Oil  Manufacturing  Company). 

5 English  patent  24,135,  1906  (Ermen). 

6 Cp.  also  English  patent  13,580,  1905  (Fell  ; from  E.  Korndoerfer). 

7 Here  it  is  intended  to  deal  with  true  emulsions  only  ; in  a wider  sense  ointments 
and  salves  made  up  from  oils  and  fats  may  also  be  termed  “solid  emulsions,”  but  they 
fall  outside  the  scope  of  this  work.  With  regard  to  cod  liver  oil  emulsion  cp.  p.  45. 
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the  mass  has  been  allowed  to  rest  a short  time,  separation  into  two 
layers  will  take  place.  The  oils  and  fats  separating  on  the  top  retain 
only  traces  of  water,  and  they  do  not  exhibit-  the  characteristic 
properties  of  an  emulsion. 

In  order  to  produce  an  emulsion,  it  is  essential  to  introduce  into 
the  mixture  of  oils  (and  fats)  and  water  a foreign  substance,  however 
small  its  quantity  be.  Such  substances  act  as  emulsifying  agents,  and 
are  therefore  termed  “ emulsifiers.”  The  important  part  which  emul- 
sification plays  in  the  practice  of  the  oil  and  fat  industries  has  been 
pointed  out  in  Yol.  I.  Chap.  II.  of  this  work.  Further  theoretical1 
considerations  on  the  nature  of  emulsions  fall  outside  the  scope  of 
this  work,  as  only  the  practical  aspect  of  the  question  can  be 
considered  here.  It  must  therefore  suffice  to  enumerate  the  several 
emulsifying  substances  that  are  used  in  practice,  and  in  connection 
therewith  to  point  to  those  commercial  products  which  fall  under 
this  heading. 

One  of  the  best  emulsifiers  is  milk.2  In  the  manufacture  of 
margarine  extensive  use  is  made  of  milk,  its  employment  in  this 
industry  having  been  naturally  suggested  by  the  mode  of  occurrence 
of  butter  fat,  its  prototype.  Another  important  emulsifier  mentioned 
incidentally  in  the  preceding  pages  is  represented  by  soap  solutions , 
which  constitute,  as  it  were,  the  binding  agent  in  the  solidified  oils 
and  solid  lubricants  described  above. 

Whereas  in  the  last  two  cases  the  soap,  being  used  in  a concentrated 
solution,  may  appear  to  merely  act  mechanically,  the  true  emulsifying 
property  of  soap  solutions  becomes  more  apparent  in  the  “ emulsion 
I wool  oils  ” (see  p.  86),  and  is  especially  demonstrated  by  the  action 
! of  soap  when  being  used  as  a washing  and  scouring  agent. 

The  addition  of  decoctions  of  Carragheen  moss,  of  gelatine,  glue, 
etc.,  assists  the  emulsifying  action  of  soap  as  such,  by  introducing 
; another  colloid  into  the  mixture,  whereby  the  coalescence  of  the  oily 
globules  is  prevented  still  more  effectively. 

The  property  of  soaps  (soaps  of  fatty  acids,  as  also  soaps  of  rosin 
acids)  of  emulsifying  not  only  fatty  oils  and  fats,  but  also  mineral 
> oils  and  mixtures  of  the  substances  named,  is  extensively  em- 
ployed in  the  preparation  of  the  “ lubricating  greases  ” detailed 
above.  Notable  in  this  respect  is  the  emulsifying  power  of  lime  and 
zinc  soaps. 

The  property  of  oils  and  fats  of  becoming  emulsified  by  the  action 
■ of  alkalis  must  be  ascribed  to  the  production  of  soaps  by  their  aid. 

I Their  formation  may  be  either  due  to  the  neutralisation  of  small 
amounts  of  free  fatty  acids,  always  present  to  some  extent  in  com- 
I mercial  oils  and  fats  (in  which  case  alkaline  carbonates  suffice  to 
produce  a thorough  emulsion;  cp.  “Tournant  Oil,”  Yol.  II.  p.  282), 
or  (and)  to  the  saponification  of  the  oils  and  fats  in  the  presence  of 

1 Cp.  Pickering,  Trans.  Chem.  Soc.  1907,  2001  ; Lewkowitsch  (in  discussion  of  this 
paper),  Proceedings  Chem.  Soc.  1907,  256. 

2 For  machinery  see  above,  “Margarine,”  p.  21,  and  cp.  English  patent  25,890,  1908 
l(J.  V.  M.  Risberg). 
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caustic  alkali  thus  leading  to  local  formation  of  soap,  which  envelops  as 
yet  unattacked  glycerides,  and  by  bringing  thereby  free  caustic  alkali 
into  more  intimate  contact  with  glycerides,  produces  slight  hydrolysis 
and  subsequent  saponification. 

The  emulsified  oils  and  fats  belonging  to  this  class  occur  very 
frequently  in  practice.  They  are  prepared  by  dissolving  the  desired 
quantity  of  oils  in  potash-,  or  soda-,  or  ammonia-soaps  (made  from  fatty 
acids),  or  in  soaps  of  sulphurised  fatty  acids,  or  rosin  acids. 

Of  late  the  tendency  to  produce  fluids  retaining  in  solution  mineral 
oils,  as  also  tar  oils  (especially  phenols),  even  after  a considerable 
amount  of  water  has  been  added,  has  led  to  a considerable  extension 
of  this  branch  of  the  oil  and  fat  industry.  (Naturally  the  dilution 
with  water  must  not  be  carried  too  far,  for  when  the  point  of 
physical  stability  of  the  homogeneous  solution  is  disturbed  the  addition 
of  water  will  throw  the  oils  out  of  the  solution.)  Lubricating  oils 
belonging  to  this  group,  as  also  those  wool  oils  which  contain  mineral 
oil  or  rosin  oil,  etc.,  have  been  described  already.  Further  examples 
are  the  lubricants  used  in  cutting  and  boring  steel  and  iron.  At 
first  aqueous  soap  solutions  were  used,  much  as  soap  solutions  were 
frequently  used  as  a lubricant  (and  are  still  being  used  in  the  case 
of  new  machinery,  the  bearings  of  which  are  not  yet  running  true). 
These  were  found  to  possess  the  drawback,  not  only  of  causing  rusting, 
but  also  of  lacking  sufficient  “body”;  therefore  recourse  was  had  to 
emulsification  with  mineral  oils.  To  this  class  belong  also  the  dust- 
laying oils,1  which  consist  chiefly  of  dilute  soap  solutions  holding 
mineral  or  tar  oils  in  emulsion  (“  westrumite  ”),  and  also  those  fluid 
emulsions  which  are  used  as  disinfectants.  The  latter  are  mainly  potash 
soap  solutions  by  which  cresylic  acids  (also  carbolic  acid)  and  neutral 
tar  oils  have  been  emulsified ; they  permit  of  moderate  or  even  con- 
siderable dilution  with  water  before  the  emulsified  oils  will  separate. 

A very  powerful  emulsifying  agent  is  obtained  by  the  interaction 
of  concentrated  sulphuric  acid  with  fatty  oils  and  fats  or  their  fatty 
acids.  As  may  have  been  gathered  from  Vol.  I.  Chap.  II.,  an  endeavour 
has  been  made  by  the  author  to  base  the  explanation  of  the  rationale 
of  the  “ sulphuric  acid  saponification  ” on  the  action  of  the  emulsifier  : 
sulpho-compound  of  the  fats  and  oils  or  of  their  fatty  acids. 

Nearly  related  to  these  sulpho-compounds,  if  not  identical  with 
them,  are  the  “ sulphonated  oils  ” (see  below),  a typical  representative 
of  which  is  Turkey-red  oil.2  The  emulsifying  properties  of  these 
sulphonated  oils  are  also  made  use  of  in  the  preparation  of  some 
“ wool  oils  ” and  of  “ sheep  dips.” 

The  “ Twitchell  reagent  ” represents  a sulpho-aromatic  compound 
possessing  an  extraordinary  emulsifying  power.  The  author  has 
shown  (Chap.  II.)  that  emulsifiers,  similar  in  composition  to  the 
sulpho-aromatic  compound  of  benzene  and  oleic  acid,  and  made  with 

1 Cp.  German  patent  158,244. 

2 Cp.  German  patents  166,935  (Kunick)  ; 197,400  (C.  H.  Meyer)  ; 204,906  (F.  W. 
Klever)  ; F.  Erban,  Zeit.f.  angetv.  Chem.  1909,  55  ; English  patent  16,969,  1907  (L.  E. 
Common  and  Hull  Oil  Mfc.  Co.). 
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the  aid  of  naphthalene,  anthracene,  and  phenanthrene,  have  equally 
strong  or  only  slightly  inferior  emulsifying  properties. 

In  a lesser  degree  than  sulphonated  oils,  but  still  to  a very 
notable  extent,  oxidised  oils  and  fats  possess  the  property  of  acting 
as  emulsifiers.  This  property  is  most  pronounced  in  the  oxidised  oils 
derived  from  fish  and  blubber  oils.  Indeed,  all  the  preparations 
described  under  the  headings  “ D6gras  ” and  “ Stuffing-Greases,”  Chap. 
XVI.,  are  practically  semi-solid  emulsions ; they  seem  to  owe  their 
property,  viz.  to  remain  permanent  emulsions,  to  those  oxidised  oils  and 
fats  which  are  formed  in  the  process  of  making  “ d6gras.”  1 Emulsions 
prepared  with  the  aid  of  oxidised  oils  have  been  claimed  as  advan- 
tageous for  the  manufacture  of  paints  by  Parrot ,2 

Special  advantages  have  been  claimed  for  the  amides  of  higher 
fatty  acids.3  According  to  Siemsenf  there  can  be  produced,  with  the 
aid  of  the  amides  of  oleic  acid  and  stearic  acid,  as  also  of  the  acidyl 
derivatives  of  organic  bases  (such  as  stearo-anilide,  ricinoleic  anilide, 
stearo-toluidide,  stearo-xylidide,  etc.),  oil  and  fat  emulsions  which 
may  contain  any  desired  proportion  of  water.  To  prepare  them  the 
amides  are  boiled  up  with  water,  and  the  oils  and  fats  are  gradually 
introduced  ; at  the  same  time  a small  quantity  of  alkali  salts  of  higher 
fatty  acids  is  added.  (It  would  thus  appear  that  the  presence  of  soap 
is  required.)  The  emulsions  so  obtained  are  stated  to  be  free  from 
the  drawback  which  attaches  to  emulsions  made  with  the  aid  of  soap 
only,  viz.  that  of  separating  into  two  layers  on  being  warmed,  or  when 
mixed  with  glycerin  or  any  other  substance  which  raises  the  specific 
gravity.  It  is  claimed  that  such  emulsions  remain  stable  even  at  a 
temperature  of  100°  C.  (With  regard  to  the  process  of  manufacturing 
these  amides  see  below,  “Fatty  Acid  Industry.”) 

Besides  those  mentioned  above,  a number  of  other  emulsifiers 5 
have  been  proposed,  notably  those  mentioned  already  under  “ Mar- 
garine,” viz.  yolk  of  egg,6  lecithin,7  and  cholesterol. 

The  great  emulsifying  power  imparted  to  mixtures  of  oils  and 
fats  by  the  addition  of  wool  grease  or  wool  fat  will  be  more  appro- 
priately considered  in  the  section  “ Technology  of  Waxes  ” ; prepara- 
tions containing  wool  fat  have  been  mentioned  already  incidentally 
under  “Greases”  and  “Emulsion  Wool  Oils.”  Very  likely  it  is  due 
to  the  fact  that  wool  fat  possesses  considerable  emulsifying  powers 
that  some  inventors  claim  cholesterol  and  even  ceryl  alcohol,  typical 
constituents  of  wool  fat,  as  emulsifying  agents.8 

1 Cp.  German  patent  195,410  (J.  Lund)  ; French  patent  390,497  ; German  patent 
206,305  (Imbert)  ; cp.  also  p.  245. 

2 French  patent  373,904.  3 French  patent  343,158. 

4 German  patent  188,712.  The  corresponding  English  patent  is  taken  in  the  name 
of  O.  A.  H.  H.  Rosters  (English  patent  4688,  1906). 

5 Cp.,  e.g.,  J.  P.  van  der  Ploeg,  English  patent  7699,  1908  ; German  patent  191,399 
(pyridine,  quinoline)  ; also  saponin  (see  Vol.  I.  Chap.  II.)  and  albumen  solutions  have 
been  recommended. 

6 Wcirner,  German  patent  175,381  ; English  patent  1719,  1906. 

7 Sarason,  Phann.  Zeit.  1904  (92),  978  ; German  patent  172,758  ; J.  H.  Long  and 
F.  Gephart,  Journ.  Amer.  Chem.  Soc.  1908,  895.  Ulzer  and  Batik  (German  patent 
193,189)  claim  as  an  emulsifier  a product  prepared  from  diglycerides  and  phosphoric  acid  ; 
in  short,  an  artificially  prepared  lecithin.  Cp.  footnote  6,  p.  24,  and  Vol.  I.  Chap.  I. 

h Arellendorff  and  Kopp,  Rev.  des prod.  chim.  1904. 
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The  manufacture  of  emulsion  requires  only  simple  machinery. 
In  fact,  any  vessel  provided  with  agitators  geared  up  to  a high  speed 
will  be  found  satisfactory  (cp.  “Margarine”  and  “Manufacture  of 
Lubricating  Greases  ”).  Pirsch 1 suggests  for  this  purpose  the  employ- 
ment of  injectors;  the  Swedish  “ Aktiebolaget  Separator”  has 
patented  a number  of  centrifugal  emulsors.2  There  appears,  however, 
to  be  no  need  for  elaborate  apparatus  of  this  kind. 

Frequently  the  problem  arises  to  “break”  emulsions  which  have 
been  obtained  unwittingly,  as  in  the  process  of  refining  rancid  oils 
and  fats,  where  the  soap  formed  in  neutralising  free  fatty  acids  leads 
to  persistent  emulsions.  Intimate  emulsions  are  also  frequently 
formed  in  residues  (“  foots  ”)  from  expressed  oils,  especially  in  the 
case  of  oils  obtained  from  fruits,  such  as  olive  oil.  Thus  the 
finally  expressed  olive  pulp  ( Grasses  d’huile  d’olive)  consists  of  an 
intimate  mixture  of  pulp  and  water,  which  holds  the  remainder  of 
the  olive  oil  in  so  intimate  an  emulsion  that  it  cannot  be  recovered 
by  expression ; if  recourse  cannot  be  had  to  the  extracting  of  the 
residue  with  a volatile  solvent,  preceded  by  drying  to  remove  the 
water,  treatment  with  strong  sulphuric  acid  is  resorted  to  3 (although 
this  necessarily  leads  to  the  destruction  of  some  of  the  fatty 
material).  The  same  agent  is  used  in  breaking  the  emulsion  obtained 
in  the  “fermentative  process”  of  preparing  “Fatty  Acid  Soap 
Stock  ” (see  below). 

No  general  rule  can  be  laid  down  as  to  what  means  must  be  used 
to  “ break  ” emulsions,  but,  in  general,  it  will  be  found  that  either 
heat  assisted  by  agitation,  or  addition  of  acids,  or  of  easily  soluble 
salts,  will  produce  the  breaking  up  of  an  emulsion.  Fresenius 4 tries 
to  break  the  emulsion  of  cocoa  nut  oil  and  dilute  soap  solution  by 
applying  an  inert  gas  under  pressure.  (Cp.  also  Yol.  I.  Chap.  VI. 
under  “ Unsaponifiable  Matter.”) 

A curious  patent  claiming  the  treatment  of  oils  and  fats,  with 
oxygen,  ozone,  or  nitric  acid,  so  as  to  render  them  practically  non- 
emulsifiable,  has  been  taken  out  by  M.  Bergds.5 


B — INDUSTRIES  IN  WHICH  THE  GLYCERIDES  UNDERGO  A 
CHEMICAL  CHANGE,  BUT  ARE  NOT  SAPONIFIED 


These  industries  involve  operations  in  which  the  glycerides 
undergo  a more  or  less  pronounced  chemical  change  without,  how- 
ever, being  broken  up  into  their  constituents — fatty  acids  and 
glycerol.  The  subject  matter  will  be  considered  under  the  following 
heads  : — 


1 French  patent  375,594  ; English  patent  17,976,  1907. 

- Cp.  also  German  patents  204,061,  204,062  (W.  G.  Schroeder),  and  p.  21. 
3 Cp.  also  R.  Bernard,  French  patent  325,966. 

4 German  patent  171,668.  5 French  patent  378,706. 
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I.  Iodised,  brominated,  chlorinated,  sulphurised  oils  and  fats. 

II.  Polymerised  oils. 

III.  Boiled  oils. 

IV.  Oxidised  oils,  Ozonised  oils. 

V.  Vulcanised  oils. 

VI.  Nitrated  oils. 

VII.  Sulphonated  oils,  Turkey-red  oils. 


I.— IODISED,  BROMINATED,  SULPHURISED  OILS  AND  FATS 

The  oils  belonging  to  this  group  have  been  introduced  into 
pharmaceutical  practice. 

The  assumption  that  the  therapeutical  effect  of  cod  liver  oil  is  due 
to  the  small  amount  of  iodine  it  contains  led  to  the  manufacture 
of  iodised  or  brominated  oils  and  fats.  They  are  prepared  by  allowing 
oils  and  fats  to  absorb  a certain  amount  of  iodine  or  bromine.  The 
method  of  preparing  these  oils  and  fats  was  at  first  carried  out  on 
the  lines  suggested  by  the  analytical  operations  involved  in  the 
methods  of  determining  the  iodine  and  bromine  values  (described 
Vol.  I.  Chap.  VI.),  e.g.  by  treating  with  iodo-chloride  or  bromine.1 
Later  on,  gaseous  hydriodic  and  hydrobromic  acids  2 were  substituted 
for  the  halogens  themselves ; or  hydriodic  and  hydrobromic  acids 
were  used  in  statu  nascendi  in  aqueous  solution.3 

The  oils  and  fats  selected  for  these  preparations  are  sesam6  oil, 
almond  oil,  and  lard.  The  commercial  “Iodipin”and  “Bromipin” 
are  respectively  the  iodine  and  bromine  compounds  of  sesam6  oil. 
Similar  products  have  been  prepared  from  cocoa  nut  oil  and  cacao 
butter.4  Bromipin  is  prepared  in  two  strengths,  viz.  bromipin 
! containing  10  per  cent  of  bromine,  and  bromipin  containing  3 3 ’3  per 
cent  of  bromine.  Iodipin  is  also  prepared  in  two  strengths,  con- 
taining respectively  10  per  cent  and  25  per  cent  of  iodine.  As 
; sesame  oil  absorbs  about  106-110  per  cent  of  iodine,  it  is  evident  that 
i the  saturation  of  the  doubly-linked  carbon  atoms  has  only  taken  place 
in  a portion  of  the  oil.  For  the  glycerides  of  the  fatty  acids  the 
methyl-  and  ethyl-esters  of  these  acids  have  also  been  substituted. 

The  taste  of  these  compounds  appears  to  have  been  found 
I objectionable  ; hence  a patent  has  been  taken  out  for  the  conversion 
of  the  iodised  and  brominated  oils  into  a powder  by  mixing  them 
with  casein  and  milk  sugar.5 

Chlorinated  oils  have  been  claimed  (in  conjunction  with  albuminate 
i of  calcium)  for  the  production  of  paints.6 

1 German  patent  96,495  ; E.  Merck,  Zeit.  f.  ang.  Chem.  1898,  398. 

2 English  patent  1 i,494,  1902  ; German  patent  135,835  ; French  patent  230,993 

(W.  Majert). 

3 German  patent  159,748  (Merck). 

4 H.  A.  Pryor  (Chem.  Fab.  von  Heyden),  English  patent  3132,  1906. 

5 English  patent  3430,  1903  ; cp.  also  German  patent  200,921  (E.  Merck). 

6 A.  Br unstem,  German  patent  186,272. 
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Latterly,  even  sulphurised  compounds  are  being  manufactured 
on  the  lines  of  the  sulphur- chloride  method  described  in  Vol.  I. 
Chap.  VII.  Sulphurised  fats  are  also  prepared  by  saponifying  oils 
or  fats  in  the  usual  manner,  liberating  the  fatty  acids,  and  converting 
these  into  their  ethylic  and  methylic  esters.1  The  latter  are  then 
dissolved  in  carbon  tetrachloride,  and  sulphur  chloride  is  added  (cp. 
also  “Vulcanised  Oils,”  below).  The  product  is  washed  with  water 
and  sodium  carbonate  solution,  then  again  with  water,  after  which 
the  carbon  tetrachloride  is  distilled  off,  and  the  residue  washed  again 
thoroughly  with  dilute  caustic  soda  or  a solution  of  sodium  sulphide, 
and  finally  with  water.  A product  thus  prepared  on  a commercial 
scale  contained  6 ’4  per  cent  of  sulphur. 

By  the  combined  action  of  halogens  and  of  sulphur  compounds  on 
sesam6  oil,  a preparation  containing  both  iodised  and  sulphurised 
compounds  is  produced.2  According  to  the  patent  specification, 
sesam6  oil  or  poppy  seed  oil  is  first  treated  with  a solution  of  iodine 
in  benzene ; into  this  solution  sulphuretted  hydrogen  gas  is  passed. 
Thus  products  containing  from  10  to  30  per  cent  of  iodine  and  about 
2 per  cent  of  sulphur  are  obtained. 

Similar  preparations  obtained  'from  fatty  acids  will  be  described 
in  the  next  section  of  this  chapter  under  “Fatty  Acid  Manufacture.” 


II. — POLYMERISED  OILS 

The  author  comprises  under  the  term  “ polymerised  oils  ” those 
products  which  are  obtained  by  heating  certain  oils,  with  or  without 
condensing  agents  (see  below),  to  a somewhat  elevated  temperature. 
The  chemical  changes  which  occur  are  not  yet  fully  understood  ; in  the 
absence  of  a satisfactory  explanation  they  may,  therefore,  be  con- 
veniently summarised  under  the  term  “ polymerisation.”  Determina- 
tions of  the  molecular  weight  of  linseed  oil  products  by  the  freezing 
point  method  3 have  indeed  shown  that  they  possess  double  the  molec- 
ular weight  of  linseed  oil.  Typical  polymerised  oils  are  obtained 
from  (1)  linseed  oil,  (2)  tung  oil,  (3)  safflower  oil,  (4)  castor  oil,  (5) 
sterculia  oil. 

The  behaviour  of  these  oils  at  elevated  temperatures  differs  so 
considerably,  as  do  also  the  products  obtained  from  them,  that  each 
oil  must  be  considered  separately. 

1 W.  Majert,  French  patent  320,993  ; English  patent  11,404,  1902  ; German  patent 
140,827. 

2 English  patent  24,321,  1901  ; United  States  patent  696,900.  Cp.  also  Loebell, 
English  patent  27,105,  1904  ; German  patent  169,491. 

3 Barries,  Oxydation  des  Leinols , Dissertation,  Leipzig,  1902.  Cp.  also  Norman, 
Chem.  Zeit.  1907,  188. 
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(1)  Polymerised  Linseed  Oil 

Lithographic  Varnishes 

French — Vernis  d’imprimerie.  German — Lithographenfirnis. 

Italian — Olio  da  litografia. 

The  commercial  lithographic  varnishes  are  prepared  by  heating 
linseed  oil  to  250°  or  to  300°  C.,  according  to  the  thickness  of  the 
“ varnish  ” desired.  Hence  the  commercial  lithographic  varnishes  are 
known  under  the  trade  terms  “ thin  varnish,”  “ medium  varnish,” 
“ strong  varnish,”  “ extra  strong  varnish,”  “ thick  varnish,”  etc.  These 
oils  find  application  in  lithographic  printing  and  in  the  preparation 
of  printers’  inks.  Small  quantities  find  an  outlet  as  “birds’  lime.” 

11  Burnt  varnish”  is  a fairly  quick  drying  oil,  which  will  form  a 
strong  skin  in  twenty -four  to  forty -eight  hours  at  the  ordinary 
temperature.  It  is  obtained  by  heating  raw  linseed  oil  up  to  its  flash 
point,  and  allowing  it  then  to  burn  quietly,  with  constant  stirring, 
until  the  required  consistence  is  reached. 

The  commercial  lithographic  varnishes  are  perfectly  clear,  trans- 
parent, viscid  liquids.  The  thickest  varnishes  no  longer  leave  a 

grease -spot  on  paper.  The  thin  and  medium  varnishes  are  but 
slightly  darker  than  raw  linseed  oil.  Oils  prepared  by  boiling 
over  fire  frequently  exhibit  a more  or  less  strongly  marked  green 
fluorescence. 

The  following  table  contains  the  results  of  an  examination  by 
Leeds 1 of  several  lithographic  varnishes,  to  which,  for  the  sake  of 
i comparison,  the  corresponding  numbers  for  a raw  linseed  oil  are 
added  : — 


Lithographic  Varnishes  prepared  by  Boiling  over  Fire  {Leeds) 


Specific 
Gravity 
at  15°  C. 

Saponifica- 
tion Value. 

Iodine 

Value. 

Oxidised 

Acids. 

Unsaponi- 

fiable 

Matter. 

Free  Acids 
calculated 
as  Oleic 
Acid. 

Mgrms. 

KOH. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Raw  linseed  oil 

0*9321 

194-8 

169-0 

0-30 

0-85' 

“ Tint  ” varnish  . 

0-9584 

197-5 

113-2 

1-50 

1'46 

“ Thin  ” varnish  . 

0-9661 

196-9 

ioo-o 

2-50 

0-62 

1-76 

“ Middle  ” varnish 

0-9721 

197'5 

91-6 

4-20 

0-85 

1-71 

“ Strong  ” varnish 

0-9741 

190-9 

86-7 

6-50 

0-79 

2-16 

“Extra  strong”  varnish 

0 9780 

188-9 

. 83-5 

7-50 

0-91 

2-51 

“ Burnt”  thin  varnish  . 

0"9675 

195-5 

92-7 

0-85 

1-35 

6-93 

The  mixed  fatty  acids,  derived  from  the  raw  linseed  oil  and  from 
the  “ varnishes,”  freed  from  the  unsaponifiable  matter,  gave  the 
following  results  : — 

1 Journ.  Soc.  Chern.  Ind.  1894,  203. 
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Mixed  Fatty  Acids  from  Lithographic  Varnishes  {Leeds) 


1 

Specific. 
Gravity 
at  15'5°  C. 

Solidify- 
ing Point. 
°C. 

Melting 

Point. 

°C. 

Neutralisa- 
tion Value. 
Mgrms. 
KOH. 

Mean 

Combining 

Weight. 

Iodine 

Value. 

Raw  linseed  oil 

0-923 

24-26-5 

195-8 

286-5 

145-5 

“ Tint  ” varnish  . 

0-941 

15 

20-5 

118-3 

“ Thin  ” varnish  . 

0-949 

18 

22 

108-8 

“ Middle  ” varnish 

0-950 

22 

24 

205-8 

272-6 

97-7 

“ Strong  ” varnish 

0-953 

24 

25-5 

207-7 

270-1 

87*3 

j “Extra  strong”  varnish 

0-955 

23  . 

27 

207-9 

269-8 

90-8 

“Burnt”  thin  varnish  . 

19 

23 

- ! 

99-3 

The  chemical  change  which  the  linseed  oil  undergoes  manifests 
itself  in  an  increase  of  specific  gravity,  a decrease  in  the  iodine 
absorption,  and  notably  in  a considerable  decrease  in  the  yield  of 
ether-insoluble  bromides  ( Lewkowitsch i).  This  is  illustrated  by  the 
following  table,  in  which  a typical  linseed  oil  is  contrasted  with  a 
linseed  oil  heated  to  600°  F.,  and  with  a number  of  commercial 
lithographic  varnishes  : — 

1 Analyst,  1904,  2. 
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The  numbers  recorded  in  the  foregoing  tables  show  in  a general 
way  (considering  that  we  have  to  deal  with  commercial  products) 
that  the  glyceridic  part  of  the  oil  has  not  undergone  destruction, 
and  that  the  higher  the  temperature  to  which  the  heating  is 
carried,  the  greater  the  specific  gravity.  Apparently  the  amount  of 
oxidised  acids  increases  in  proportion  to  the  specific  gravity.  The 
irregularities  in  their  percentage  numbers  prove,  however,  that  the 
proportion  of  oxidised  acids  depends  on  the  access  of  air  during  the 
boiling,  and  the  conclusion  must  therefore  be  drawn  that,  if  access  of 
air  be  excluded  entirely,  practically  no  oxidised  acids  would  be 
formed.  The  numbers  given  in  the  column,  “ yield  of  ether-insoluble 
bromides,”  show  that  during  the  process  of  heating  the  linolenic 
acids  are  polymerised  first.  The  considerable  iodine  values  which 
the  lithographic  varnishes  still  exhibit  may  be  explained  by  the 
assumption  that  the  glycerides  of  linolic  acid  have  remained  intact  to 
a large  extent.  Thus  the  bromide  test  (in  addition  to  the  specific 
gravity  test)  is  of  great  importance  in  the  differentiation  of  litho- 
graphic varnishes  from  linseed  oil.1 

The  drying  power  of  linseed  oil  diminishes  with  the  rise  of  the 
temperature  in  the  boiling  process.  Thus,  whereas  “ thin  ” litho- 
graphic varnishes  dry  approximately  as  well  as  raw  linseed  oil  does, 
the  “ extra  strong  ” varnish  and  burnt  varnish  dry  more  slowly  at 
the  ordinary  temperature  than  does  raw  oil. 

The  examination  of  the  polymerised  oils  should  include  the 
quantitative  determination  of  the  unsaponifiable  matter,  since  tar  oils 
and  petroleum  oils  are  largely  used  as  adulterants.  A specially 
prepared  tar  oil  is  sold  for  this  purpose,  under  the  trade  name  “ sharp 
oil.” 


Polymerised  linseed  oils  are  largely  used  in  the  preparation  of 
plastic  masses,2  artificial  wood,3  and  similar  substances ; the  function 
of  the  polymerised  oils  being  to  act  as  a cement  or  binding  agent, 
either  alone  or  in  conjunction  with  rosin  and  other  cementitious 
substances,  for  fibrous  or  inert  material.  A preparation  consisting 
of  polymerised  oil,  paraffin  wax,  and  rosin  has  been  patented  4 as  a 
substitute  for  brewers’  pitch.  For  polymerised  oil  used  in  the 
manufacture  of  linoleum  (“  corticine  ”)  see  “ Oxidised  Oils,”  below. 


(2)  Polymerised  TunCx  Oil 

It  has  been  shown  above  (Yol.  II.  Chap.  XIY.  “Tung  Oil”)  that 
on  heating  tung  oil  to  180°  C.  for  two  hours,  or  to  250°  C.  for  a 
shorter  time,  a jelly-like  mass  is  produced.  As  this  product  is 
obtained  whilst  air  is  excluded,  its  formation  must  be  ascribed 
1 Lewkowitsch,  Analyst , 1904,  2. 

2 Cp. , e.g.,  German  patent  201,966  ( Chem . Fab.  Liegnitz,  Meusel  and  Co.). 

3 German  patent  203,367.  4 German  patent  203,795. 
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to  polymerisation,  pending  a better  explanation.  On  standing  this 
mass  becomes  solid,  so  that  it  can  be  disintegrated  to  a coarse 
powder.  The  examination  of  a powdered  mass  prepared  in  my 
laboratory  led  to  the  following  result ; the  corresponding  numbers  of 
the  original  oil  are  added 


Polymerised  Tung  Oil  (Lewkowitsch) 


Saponification 

Value. 

Iodine  Value. 

Unsaponifiable 

Matter. 

Original  tung  oil  . 

193 

163 

Polymerised  tung  oil 

205*2 

107*7 

2*20 

Nash 1 found  the  saponification  value  of  a sample  of  polymerised 
tung  oil  lower  than  that  of  the  original  oil.  The  explanation  must 
be  found  in  the  differences  of  temperature,  kept  up  during  the 
polymerising  process,  causing  formation  of  lower  fatty  acids. 

W.  Norman  2 observed  in  some  experiments  that  the  saponification 
value  of  the  polymerised  oil  was  lower  than  that  of  the  original, 
whereas  in  other  experiments,  when  the  temperature  reached  300°- 
320°  C.,  the  saponification  value  of  the  solidified  oil  was  higher  than 
that  of  the  original  oil.  In  the  latter  case  the  iodine  value  of  the 
fatty  acids  had  fallen  to  68. 

No  absorption  of  oxygen  takes  place  during  the  process  of 
polymerisation,  and  hence  no  increase  in  weight  is  observed.  A com- 
parative determination  by  the  boiling  point  method  (in  benzene) 
showed  that  the  mean  molecular  weights  of  the  fatty  acids  of  the 
! polymerised  tung  oils  had  risen  to  the  mean  values  554-809,  the 
mean  molecular  weight  of  the  fatty  acids  of  the  original  oil  being 
399-441. 

A satisfactor}?-  technical  application  of  polymerised  tung  oil  has 
| not  yet  been  found,  although  its  semi  - elastic  properties,  and  its 
I apparent  resistance  to  air,  moisture,  etc.,  suggest  its  employment  as  a 
| substitute  for  solidified  linseed  oil  (see  below).  A number  of  patents  3 
I have  been  taken  out  for  processes  purporting  to  produce  varnishes 
(mixtures  of  polymerised  tung  oil  with  gum-resins)  from  polymerised 
I tung  oil  alone,  or  from  mixtures  of  polymerised  tung  oil  with  linseed 
j oil.  The  manufacture  of  linoleum  from  polymerised  tung  oil  and 
solidified  linseed  oil  has  also  been  patented.4 

The  polymerisation  of  tung  oil  can  also  be  effected  by  treat- 
| ment  with  sulphuric  acid  of  specific  gravity  1*597-1*759,  the 
most  suitable  acid  being  one  of  the  specific  gravity  1*688.  For 

1 Private  communication.  2 Chem.  Zeit.  1907,  188. 

3 Cp.  Kronstein,  English  patents  17,378,  1900  ; 1386,  1901  ; 1387,  1901  ; 2679, 

1 1901  : German  patents  170,788,  180,621,  204,398. 

4 English  patent  5789,  1903  (Dewar  and  Linoleum  Manufacturing  Co.). 
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the  preparation  of  the  polymerised  oil  1 part  of  tung  oil  is 
gradually  mixed  in  the  cold  with  O’ 2 6 parts  of  sulphuric  acid 
of  specific  gravity  1*688.  The  mass  is  stirred  frequently  and 
allowed  to  solidify  by  standing.  It  is  then  thrown  into  water 
and  allowed  to  remain  therein,  until  the  mass  has  become  powdery 
and  almost  white ; next  it  is  ground  and  washed  with  water  until  all 
the  sulphuric  acid  has  been  removed.  The  powder  is  finally  freed 
from  water  by  pressing,  and  dried  by  exposure  to  the  air.  The 
mass  so  obtained  is  stated  to  be  serviceable 1 as  an  india-rubber 
substitute,  insulating  mass,  etc.  It  should  be  added  that  the  result- 
ing product  is  free  from  sulphur.  By  saponifying  the  polymerised 
oil  and  treating  the  resulting  soap  with  an  acid,  an  oily  mass  is 
obtained  which  is  said  to  be  useful  as  a substitute  for  polymerised 
linseed  oil  (owing  to  its  solubility  in  alcohol)  and  as  a substitute  in 
the  manufacture  of  lacquers,  etc. 


(3)  Polymerised  Safflower  Oil 

The  pronounced  drying  properties  of  safflower  oil  suggested 
the  likelihood  that  this  oil  also  would  become  polymerised  under 
the  same  conditions  as  does  linseed  oil.  Experiments  carried  out  in 
my  laboratory  have  proved  this  to  be  the  case.  The  numbers 
obtained  are  given  in  the  following  table,  in  which  the  original 
safflower  oil  is  contrasted  with  its  polymerisation  products,  and  with 
the  native  product  “ roghan  ” (Afrida  wax),  the  manufacture  of  which 
has  been  described  in  Vol.  II.  Chapter  XIY.  p.  89  : — 


Specific  Gravity. 

Iodine  Value. 

Safflower  oil 

0*9274 

147*3 

,,  ,,  heated  to  300°  C.  for  2 hours  . 

0-92938 

143*4 

4 

j J 9 9 9 9 9 9 ^ 9 9 

0-93077 

142*7 

„ „ „ „ 6 „ 
,,  ,,  burnt  6 minutes  . 

0-93949 

121-7 

0-95481 

99-3 

,,  ,,  Indian  “distilled”  oil 

0-9638 

121-8 

(“roghan,”  Afrida  wax) 

l 

(4)  Polymerised  Castor  Oil 

The  changes  which  castor  oil  undergoes  on  being  subjected  to 
destructive  distillation  have  been  described  (Yol.  II.  p.  331).  It  has 
further  been  shown  that  if  the  distillation  of  castor  oil  be  stopped 
just  before  the  mass  is  converted  into  an  indiarubber-like  substance, 
the  oily  residue  still  contains  glycerides. 

With  a view  to  more  closely  following  the  changes  which 


1 German  patent  200,746  (F.  Steinitzer). 
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300°,  and  350°  C.  in  an  open  dish  and  determined  the  iodine  values  of 
the  products  obtained. 


Polymerisation  of  Castor  Oil  on  heating  ( Lewkowiisch ) 


Original  castor  oil 

3 3 3 3 

3 3 >3 

3 3 3 3 


after  heating  rapidly  to  200°  C. 


3 3 


250°  C. 
300°  C. 


33  3 3 


350°  C. 


Iodine  Value. 
. 83-0 

. 87*03 

. 89*28 

. 90*19 

. 93*72 


Fendler 1 examined  a product  manufactured  on  a commercial 
scale2  by  heating  castor  oil  to  300°  C.,  until  about  5 per  cent  of 
its  weight  has  distilled  over  in  one  hour.  The  product  had  the 
following  characteristics  : — 


Specific  gravity  at  15°  C.  0*9505 

Saponification  value  .....  191*8 

Iodine  value  ......  101*0 

Acetyl  value  . . . . . 67  *4 


From  the  iodine  number  it  follows  that  the  polymerisation  has 
not  affected  the  unsaturated  carbon  atoms.  The  increase  in  the 
iodine  value,  and  the  considerable  decrease  of  the  acetyl  value,  as 
contrasted  with  the  corresponding  numbers  of  original  castor  oil, 
prove  that  the  polymerisation  has  taken  place  in  the  first  instance  in 
the  direction  of  the  formation  of  glycerides  of  di-,  tri-,  tetra-,  and 
penta-ricinoleic  acids,  which  in  their  turn  became  converted  into  the 
glyceride  of  triundecylenic  acid  (cp.  “ Turkey-red  Oil,”  below). 

The  polymerised  oil  differs  from  the  original  castor  oil  in  that  it 
is  almost  insoluble  in  absolute  alcohol,  as  also  in  90  per  cent  alcohol 
and  in  acetic  acid,  whereas  it  is  miscible  with  mineral  oils  in  every 
proportion,  and  forms  an  emulsion  with  water ; this  emulsion 
separates,  however,  after  a short  time  into  two  layers.  The  product 
is  most  likely  a mixture  of  glycerides  of  undecylenic  acid  (see  Vol.  II. 
p.  331)  and  glycerides  of  polymerised  ricinoleic  acids. 


The  Stern  - Sonneborn  Company 3 avoid  the  loss  of  material 
I occurring  in  the  process  described  above  by  heating  castor  oil  under 
j pressure  in  an  autoclave.  The  best  conditions  for  carrying  out  the 
process  are  obtained  by  heating  castor  oil  under  a pressure  of  4-6 
! atmospheres  for  10  hours  at  a temperature  of  260-300°  C.  The 
I product  is  then  miscible  with  mineral  oil  in  all  proportions.  A 
modification  of  this  process  4 consists  in  heating  the  castor  oil  under 
I ordinary  pressure  under  a reflux  condenser. 

1 Berichte  d.  d.  pharrn.  Gesellschaft,  1904,  135. 

2 German  patent  104,499,  Chemische  Fabrik  Florsheim,  Dr.  H.  Nordlinger  ; the 
I product  is  sold  under  the  fancy  name  “ Floricin.” 

3 French  patent  350,511  ; English  patent  24,935,  1905. 

4 Addition  to  French  patent  350,511,  No.  4313. 
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Another  method  of  converting  castor  oil  into  a polymerised  pro- 
duct consists  in  treating  the  oil  with  a concentrated  solution  of  zinc 
chloride,1  or  with  the  fused  hydrated  crystallised  salt.  The  product 
obtained  is  a horny  mass,  which  may  be  freed  from  zinc  chloride  by 
washing  with  water.  The  degree  of  solidification  (polymerisation) 
depends  on  the  proportion  of  zinc  chloride  used,  its  concentration,  and 
the  temperature  employed.  This  product  was  proposed  to  be  used 
as  a covering  and  insulating  mass.  Very  likely  it  is  identical  with 
the  elastic,  horny  mass  left  in  the  retort  on  heating  castor  oil 
until  the  residue  is  suddenly  converted  into  the  solid  mass  described 
Vol.  II.  p.  33.1. 

Hitherto  this  product  does  not  appear  to  have  been  employed  in 
the  arts. 

In  addition  to  zinc  chloride  also  aluminium  chloride  has  been 
proposed  and  patented  as  a polymerising  2 (condensing)  agent. 


(5)  Polymerised  Sterculia  Oil 

It  has  been  shown  above  (Yol.  II.  p.  309)  that  sterculia  oil  on 
heating  becomes  polymerised  to  a jelly-like  mass.  A specimen  of 
this  polymerised  mass,  prepared  in  the  author’s  3 laboratory,  was  found 
to  be  insoluble  in  alcohol,  ether,  carbon  tetrachloride,  chloroform, 
and  glacial  acetic  acid.  The  following  numbers  were  determined  : — 

Characteristics  of  Polymerised  Sterculia  Oil  ( LewJcowitsch ) 

Saponification  value  .....  184  *9-184  "5 

Iodine  value4  ......  76*0-76*3 

Un saponifiable  matter  . ....  1*16  per  cent. 


III. — BOILED  OILS 

French — Huile  cuite.  German — Gekochtes  Leinol,  Leinolfirnis. 

The  oils  described  under  this  head  take  their  name  from  the 
almost  obsolete  process  of  heating  linseed  oil,  mixed  with  a small 
quantity  of  suitable  metallic  oxides  or  metallic  salts — driers , siccatives , 
— over  free  fire  to  temperatures  varying  from  210°  to  260°  C. 

This  process  was  termed  “ oil  boiling.”  Up  till  recently  this 
industry  had  remained  a truly  empirical  one,  and  was  carried  on 
much  in  the  same  fashion  as  it  was  practised  by  its  inventor,  the 

1 C.  R.  Alder  Wright,  Journ.  Soc.  Ghem.  Ind.  1887,  326.  This  method  has  been 
patented  recently  by  C.  Dreymann,  French  patent  377,262,  1907. 

2 Akselrod,  German  patent  150,882,  1904  ; and  again  by  C.  Dreymann,  French 
patent  377,262, 1907. 

3 Unpublished  observations. 

4 The  iodine  value  was  determined  by  warming  the  substance  for  a few  minutes 
with  the  Wijs  iodine  solution,  and  allowing  the  mixture  to  stand  for  one  hour. 
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Dutch  painter,  Van  Eyck.1  It  was  found  that  linseed  oil,  after 
heating  with  lead  oxide,  absorbed  oxygen  more  rapidly  than  did  lin- 
seed oil  not  so  prepared,  and  whereas  raw  linseed  oil  requires  about 
three  days  for  drying  to  an  elastic  skin,  the  drying  process  is  so 
much  accelerated  by  the  treatment  with  lead  oxide  over  free  fire 
that  linseed  oil  so  treated  will  dry  even  within  six  to  eight  hours  to 
an  elastic  skin. 

What  action  takes  place  during  the  process  of  boiling  is  not  yet 
fully  known.  A slight  decomposition  of  the  glycerides  undoubtedly 
occurs,  as  is  proved  by  the  evolution  of  acrolein  vapours  during  the 
boiling ; but  such  decomposition  of  the  linseed  oil  is  very  limited, 
as  the  “ boiled  oil,”  like  the  polymerised  linseed  oils  (lithographic 
varnish),  still  yields  almost  its  full  amount  of  glycerol.  Moreover, 
practical  experience  has  proved  that  boiled  oils  must  be  made  from 
glycerides,  since  “ boiled  oils  ” cannot  be  obtained  from  linseed  oil 
fatty  acids,  or  from  ethylic  esters  of  the  mixed  linseed  oil  fatty  acids.2 

Whilst  the  oil  is  under  the  influence  of  the  high  temperature, 
polymerisation  will  occur  to  some  extent  (see  p.  94).  No  hydro- 
carbons (due  to  destructive  distillation)  are  formed,  or,  at  any  rate, 
not  to  an  appreciable  extent,  as  is  proved  by  the  small  amounts 
of  unsaponifiable  matter  found  in  commercial  boiled  oils  (cp.  table, 
p.  113). 

For  a long  time  the  view  was  held  that  the  oil  became  oxidised, 
although,  even  in  the  antiquated  process  of  boiling  over  free  fire,  it 
was  kept  covered  and  almost  wholly  protected  from  contact  with  air. 
The  explanation  that  the  metallic  oxides  act  as  oxygen  carriers 
during  the  process  of  boiling  (an  assumption  which  seemed  to 
find  support  in  the  fact  that  a number  of  boiled  oils  had  low  iodine 
values)  is  equally  unfounded.  For  it  will  be  seen  from  the  numbers 
given  below  that  “ boiled  oils  ” can  be  prepared  having  iodine  values 
lying  very  little  below  that  yielded  by  a normal  raw  linseed  oil. 

The  older  processes  of  boiling  with  “ driers  ” 3 appears  to  be  an 
empirical  way  of  producing  metal  salts  (lead  salts  or  manganese  salts) 
of  the  fatty  acids  of  the  boiled  oils,  partial  saponification  of  the 
glycerides  taking  place  at  the  high  temperature  to  which  the  oils 
were  subjected  whilst  being  boiled.  These  lead  salts  (or  metal 
salts)  of  the  fatty  acids  are  able  to  act  as  oxygen  carriers  in  the 
process  of  “drying,”  when  the  boiled  oils  are  exposed  to  the  atmo- 
sphere, either  in  their  original  state  or  in  admixture  with  pigments, 
gum -resins,  etc.  This  would  lead  to  the  explanation  that  the 
driers  act  as  catalysts,  a small  quantity  only  being  required  to 
accelerate  the  oxidation  (Lewkowitsch 4)  when  the  oils  dry  to  a skin 
(see  below). 

1 According  to  some  authorities,  the  monk  Theophilus  is  credited  with  having  dis- 
covered the  fact  that  by  boiling  linseed  oil  with  lead  oxide  a more  rapidly  drying  oil 
than  linseed  oil  is  obtained.  Some  writers  state  that  Dioscorides  was  acquainted  with 
the  oil  boiling  process. 

2 Cp.  Liebig's  Annalen,  33  (1840),  114  ; Henriques,  Zeit.  f.ang.  Chem.  1898,  343. 

3 With  regard  to  “Driers”  cp.  p.  106. 

4 “Problems  in  the  Fat  Industry,”  Journ.  Soc.  Chem.  Ind.  1903  592. 
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These  views  find  support  in  the  modern  methods  of  preparing 
“ boiled  oils.” 

Thus  at  present  the  bulk  of  the  “ boiled  oils  ” is  obtained  by 
heating  linseed  oil  with  driers  to  a temperature  of  about  150°  C. 
only.1  The  process  is  carried  out  by  introducing  the  oil  into  a 
cylindrical  vessel  provided  with  a heating  coil  and  agitating  gear, 
so  as  to  produce  an  intimate  intermixture  between  oil  and  drier 
whilst  they  are  heated  to  the  desired  temperature.  The  internal 
arrangement  of  a modern  oil-boiling  vessel 2 is  illustrated  by  Fig.  9, 


.Fig.  9. 


the  cylindrical  part  of  the  vessel  having  been  removed  to  show  the 
heating  coils  and  the  stirring  apparatus.  Some  manufacturers  assist 
the  “ boiling  ” by  blowing  with  air.  The  oils  so  obtained  are  known 
on  the  Continent  as  “ blown  boiled  oils  ” ( geblasene  Firnisse  3).  These 
oils  are  unsuitable  for  the  preparation  of  best  varnishes. 

1 For  a process  of  “boiling  oil”  in  vacuo , cp.  German  patent  181,193  (Leppert, 
Rogovin,  and  Rudling). 

2 I am  indebted  to  Messrs.  Manlove,  Alliott,  and  Co.,  Nottingham,  for  this  illus- 
tration. 

3 Cp.  S.  Lewiak,  German  patent  154,091  ; Buchanan,  English  patent  7646,  1905  ; 
Leffert  and  Ragoorn,  English  patent  17,035,  1903  ; French  patent  334,233  (boiling  in 
vacuo  or  in  a current  of  superheated  steam). 
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The  preparation  of  boiled  oils  under  the  influence  of  ultra-violet 
light  (cp.  “Linseed  Oil,”  Vol.  II.  p.  49)  (emitted  from  an  “uviol” 
lamp)  has  been  patented  by  Genthe}  About  twenty  “ uviol  ” lamps  2 
are  immersed  in  a tank  containing  1 ton  of  crude  oil.  The  raw 
linseed  oil  is  warmed  to  about  80°  C.,  when  the  lamps  are  then 
started  and  finely  divided  air  is  pumped  into  the  oil  under  a 
pressure  equal  to  a water  column  of  about  3 metres’  height.  The 
lamps  are  cooled  by  a current  of  air.  The  reaction  generates 
sufficient  heat  (cp.  manufacture  of  “ Blown  Oils,”  below)  so  that 
the  source  of  artificial  heat  may  then  be  stopped.  The  oil  is  stated 
to  take  up  by  this  treatment  about  5 per  cent  of  oxygen.  For  the 
treating  of  a ton  of  raw  oil  about  sixty  kilowatt-hours  are  required. 
It  is  claimed  that  oils  so  prepared  dry  better  than  the  ordinary 
boiled  oils.3 

According  to  the  quality  and  the  amount  of  drier  added,  and  the 
length  of  time  during  which  the  oil  is  heated  (“  boiled  ”),  pale  or 
dark  oils  are  produced.  The  former  are  known  in  commerce  as  “ pale 
boiled  oils,”  the  latter  as  “double  boiled  oils.”  The  temperature 
can  be  reduced  even  to  120°  C.  by  merely  dissolving  “liquid  driers” 
(solutions  of  lead  linoleate,  etc.,  in  linseed  oil ; see  below),  and  assist- 
ing the  operation,  if  required,  by  a current  of  air.4 

This  last  process  yields  somewhat  inferior  drying  oils  to  those 
obtained  by  boiling  at  150°  C.  with  lead  oxide,  etc.  It  has,  however, 
been  inferred  therefrom  that  in  order  to  obtain  a quickly  drying  oil 
it  suffices  to  prepare  a solution  of  metal  salts  in  oil.  This  view  has 
even  led  to  the  preparation  of  “ boiled  oils  ” in  the  cold,  by  merely 
adding  to  linseed  oil  a solution  of  lead  linoleate  or  manganese  linoleate, 
and  carefully  intermixing  it  with  the  oil.  (An  oil  having  the  properties 
of  a “ boiled  ” oil  can  also  be  prepared  by  carefully  grinding  linseed  oil 
with  manganese  borate  in  the  cold.)  These  “ boiled  oils  ” are  therefore 
identical  with  the  product  painters  used  to  prepare  themselves  from 
raw  linseed  oil  by  grinding  it  with  a drier.  Such  oils  naturally  do  not 
dry  so  rapidly  as  do  the  oils  prepared  at  a higher  temperature ; they 
behave  more  nearly  like  raw  linseed  oil  as  regards  the  time  required 
to  “dry.”  From  this  it  would  follow  that  a certain  amount  of 
polymerisation  must  take  place,  in  order  to  accelerate  the  subsequent 
oxidation,  when  the  oil  is  allowed  to  “ dry  ” (cp.  below). 

Raw  Materials  used  in  the  Manufacture  of  Boiled  Oils 

1.  Oils. — Linseed  oil  is  practically  the  only  oil  that  is  used  in 
the  manufacture  of  boiled  oils  on  a large  scale.  Other  vegetable 
drying  oils — like  candle  nut  oil,  safflower  oil  (cp.  table,  p.  112) — 
also  furnish  boiled  oils,  but  their  drying  properties  are  not  so  good 
as  those  of  boiled  linseed  oil,  a fact  which  is  most  readily  explained 

1 German  patent  195,663.  With  regard  to  the  rays  emitted  by  boiled  oils,  cp.  W. 
Schmidt,  Zeit.  f.  physik.  Chem.  1908  (64),  243. 

1 Cp.  K.  Hahn,  Zeit.  f.  angew.  Chem.  1908,  1442. 

3 Cp.  Chem.  Zeit.  1908,  Rep.  325. 

4 Cp.  Hartley  and  Blenkinsop,  English  patent  11,629,  1890. 
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by  stating  that  they  contain  much  less  linolenic  acid  than  linseed  oil 
does.  Hence  these  vegetable  oils,  as  also  poppy  seed  oil  and  hemp 
seed  oil,  must  be  considered  as  being  unsuitable  for  the  manufacture 
of  boiled  oils,  and  the  same  may  be  said  of  tung  oil.  Fish  and 
blubber  oils  are  useless  for  the  preparation  of  boiled  oils,  owing  to 
the  fact  that  the  glycerides  of  linolenic  acid  seem  to  be  entirely 
absent,  the  high  iodine  absorptions  of  these  oils  being  due  to  the 
presence  of  clupanodonic  acid.  The  statements  made  in  patent 
specifications  as  to  the  usefulness  of  these  oils,  either  as  such,  or  in 
admixture  with  linseed  oil,  must  therefore  be  accepted  with  reserve. 

The  suitability  of  a raw  linseed  oil  for  making  “boiled  oil”  was 
hitherto  determined  in  practice  by  its  age.  It  is  well  known  that 
fresh  oils  (“  green  ” oils),  owing  to  traces  of  dissolved  water,  etc., 
give  a scum  on  boiling,  and  effervesce  strongly,  whereas  old  “ tanked  ” 
oils,  from  which  water  and  “ mucilage  ” have  settled  out  on  storing — 
“tanking,” — yield  the  best  boiled  oil.  A practical  test  for  judging 
its  suitability  is  to  heat  the  oil  rapidly  in  a test-tube  to  about 
300°  C.  A suitable  oil  remains  clear,  whereas  from  a “green  ” oil,  or 
an  insufficiently  refined  oil,  “ mucilage  ” separates  out  (cp.  Chap.  XIV. 
p.  48).  The  observations  made  by  Thompson  (Vol.  II.  p.  48) 
prove  that  the  “ mucilage  ” is  due  to  the  presence  of  inorganic  salts, 
which  settle  out  from  a “ tanked  ” oil  in  course  of  time,  carrying 
down  with  them  organic  impurities  left  in  the  oil.  Further  proof 
for  the  correctness  of  this  view  is  given  by  the  fact  that  these 
impurities  are  removed  by  refining  raw  linseed  oil  with  sulphuric 
acid,  or  by  cooling,  or  by  rapid  heating  followed  by  rapid  cooling. 
Other  tests  for  purity  have  been  given  already  under  the  heading 
“Linseed  Oil”  (Vol.  II.  p.  54).  Practical  experience  has  shown  that 
Baltic  oil  is  better  for  the  manufacture  of  boiled  oil  than  is  Indian 
oil ; this  is  readily  explained  by  the  greater  purity  of  the  Baltic  seed. 
But  Indian  oil  and  even  La  Plata  oil,  if  carefully  prepared,  yield  oils 
equally  as  good  as  Baltic  oil.  Cold-pressed  linseed  oil  is  better  than 
hot-pressed ; this  finds  its  explanation  in  the  fact  that  the  cold- 
pressed  oils  contain  smaller  amounts  of  solid  glycerides  than  do  the 
hot-pressed. 

With  a view  to  removing  the  bulk  of  the  solid  glycerides  from 
linseed  oil,  as  they  obviously  diminish  the  drying  property  of  the  oil, 
the  author  tried  on  a large  scale  to  separate  the  solid  glycerides  by 
the  process  of  “ demargarination,”  viz.  by  cooling  the  linseed  oil  to 
- 25°  C.  This  process  (for  which  a provisional  patent  only  was 
taken)  has  been  abandoned  as  unremunerative.1 

2.  Driers  (in  the  United  States  also  termed  “Japans”).2 — In  the 
older  processes  of  oil  boiling  only  the  oxides  of  lead  and  manganese :J 

1 Cp.  Lewkowitsch,  Jalirbuch  der  Chemie,  xii.  370.  The  same  process  has  been 
patented  by  Hertkorn,  Germ.  pat.  129,809, 137,306  ; cp.  A.  Kronstein,  Germ.  pat.  204,398. 

2 Cp.  Weger,  Zeit.  f.  ang.  Chem.  1896,  531  ; 1897,  401,  542,  560. 

y It  appears  that  manganese  was  first  suggested  by  Michael  Faraday. 
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such  as  litharge,  red  lead,  manganese  dioxide,  or  their  inorganic  salts, 
were  used  as  driers  ; zinc,1  copper,  and  iron  salts  were  found  incapable 
of  imparting  to  the  oils  the  desired  properties.  More  recently  acetate, 
oxalate,  and  borate  of  manganese  have  been  employed.  As  rosin  is 
capable  of  absorbing  oxygen  from  the  air,  the  metallic  salts  of  the 
rosin  acids  2 have  also  come  into  vogue  as  driers.  They  are  prepared 
either  by  precipitating  a (soda)  soap  solution  with  solutions  of 
metallic  salts  ( e.g . sodium  rosinate  with  manganese  sulphate),  or  are 
simply  synthesised  by  fusing  together  a metallic  oxide  with  colophony; 
hence  there  are  discerned  in  commerce  “ precipitated  ” driers  and 
“ fused  ” driers. 

By  precipitating  rosin  soap  solutions,  or  by  fusing  colophony,  as 
the  case  may  be,  with  mixed  manganese  and  lead  salts,  “ precipitated  ” 
or  “ fused  ” mangano-lead  driers  are  obtained. 

A ready  method  of  distinguishing  “ precipitated  ” driers  from 
“ fused  ” driers  is  afforded  by  the  determination  of  water.  Only  the 
“ precipitated  ” driers  contain  notable  quantities  of  moisture  (up  to 
6 per  cent). 

A further  development  in  the  industry  of  driers  was  reached  by 
the  employment  of  the  metallic  salts  of  linseed  oil  fatty  acids. 
These  salts  are  prepared  either  by  precipitating  soap  solutions 
obtained  by  saponifying  linseed  oil,  with  solutions  of  metallic  salts, 
or  by  heating  the  fatty  acids  together  with  oxides.  Thus  “ pre- 
cipitated ” manganese  linoleate,  lead  linoleate,  etc.,  or  “ fused  ” man- 
ganese linoleate,  etc.,  are  obtained. 

By  means  of  these  methods  the  author  prepared  driers  from  tung 
oil.  Thus  a lead  tungate,  manganese  tungate,  and  a mixture  of 
the  two — lead -mangano- tungate — were  manufactured  on  a large 
scale. 

The  driers  prepared  from  linseed  oil  fatty  acids,  tung  oil  fatty 
acids,  and  rosin  (colophony)  are  soluble  in  “ oil  of  turps  ” (turpentine 
oil),  ether,  chloroform,  and  linseed  oil,3  and  are  therefore  termed 
“soluble  driers.”  Solutions  of  these  driers  in  linseed  oil  or  in 
turpentine  oil,  or  in  a mixture  of  both,  are  obtainable  in  commerce 
under  the  names  “ liquid  driers,”  “ terebene,” 4 and  other  fancy 
names. 

The  examination  of  driers  consisting  of  metallic  oxides  or  of 
metallic  salts  of  inorganic  acids  is  carried  out  by  the  well-known 
methods  of  mineral  analysis.5  The  valuation  of  the  “ soluble  driers  ,r 
cannot  be  based  on  the  proportion  of  the  metal,  as  determined  by 
incineration,  inasmuch  as  the  oxides  held  in  suspension,  and  therefore 

1 Cp.  Thorp.  Technology  Quart.  3,  9;  cp. , however,  French  patent  332,788  (Soc. 

\ Bonneville  et  Cie).  Regarding  other  metals,  cp.  Meister,  Farben-Zeit.  1908,  153. 

3  With  regard  to  driers  from  copals — “ copal  resinates  ” — cp.  Bottler,  Dingl.  Polyt. 

Journ.  1898,  70. 

3 It  should  be  noted  that  the  solubility  of  “ linoleates  ” and  rosinates  in  ether  or 
chloroform  in  the  cold  exactly  coincides  with  their  solubility  in  linseed  oil  at  somewhat 

j elevated  temperatures — up  to  120°  C.  Cp.  Lippert,  Zeit.  f.  ang.  Chem.  1903,  366. 

4 Cp.  Fawsitt,  Journ.  Soc.  Chem.  Ind.  1903,  538. 

5 With  regard  to  the  analysis  of  manganese  borate,  cp.  Endemann  and  Paisley  Amei\ 
Chem.  Journ.  1903,  68. 
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not  chemically  combined  with  fatty  acids  or  rosin  acids,  are  not 
only  useless  to  the  manufacturer  of  boiled  oil,  but  are  even  injurious, 
as  they  render  the  oil  turbid.  A preliminary  test  consists  in 
treating  the  drier  with  organic  solvents.  A good  drier  should  dissolve 
completely  in  ether,  or,  in  the  case  of  lead  rosinate,  in  chloroform 
and  in  turpentine  oil. 

In  the  analytical  examination  of  a soluble  drier  the  organic 
matter  is  first  burnt  off  in  a porcelain  crucible,  and  the  amount  of  total 
lead,  manganese,  etc.,  is  determined  in  the  ash.  The  weight  of  the 
ash  does  not  always  give  useful  indications,  as  the  fused  driers  often 
contain  sand,  etc.  In  addition  to  lead  and  manganese,  the  calcium 
in  the  ash  may  be  determined.  (Calcium  rosinate  is  a legitimate 
constituent  of  driers.)  A fresh  portion  of  the  sample  is  then 
extracted  with  ether  or  chloroform  or  turpentine  oil.  From  the 
filtered  solution  the  solvent  is  evaporated  off  and  the  residue  in- 
cinerated. In  the  ash  the  lead  or  manganese,  or  both  (as  the  case 
may  be),  are  determined  quantitatively,  and  the  difference  between 
the  lead  or  manganese  found  in  this  experiment  and  that  found  in 
the  first  experiment  corresponds  to  the  amount  of  lead  or  manganese 
present  as  insoluble  excess.  The  result  may  be  checked  by  determining 
the  dissolved  lead  or  manganese  in  an  aliquot  portion  of  the  solution. 
In  the  case  of  a rosinate  the  dissolved  lead  must  be  determined  by 
difference,  as  the  chloroform  is  stated  to  be  only  driven  oft'  completely 
from  the  rosinate  at  a red  heat,  when  a portion  of  the  lead  also 
volatilises  as  chloride. 

The  fatty  acids  or  rosin  acids,  although  their  examination  is  of 
minor  importance,  may  be  determined  by  decomposing  the  ethereal 
solution  with  mineral  acid. 

The  following  is  the  analysis  of  a commercial  drier  carried  out  by 
the  author : — 

Per  cent. 

Ash  ......  18*6 

Fatty  acids,  including  rosin  acids  . . . 83 ‘42 


The  more  detailed  examination  gave  the  following  result : — 

Complete  Analysis  of  a Commercial  Drier  ( [Lewkowitsch ) 

Per  cent. 


Lead  oxide  . . . . . .10*99 

Manganous  oxide  . . . . . .6*79 

Iron  peroxide  . . . . . .0*47 

Calcium  oxide  . . . . . .0*56 

Rosin  acids  . . . . .38*32 

Oxidised  acids  . . . . . .4*24 

Other  fatty  acids  . . . . . .40*86 


It  must,  however,  be  understood  that  the  results  of  a chemical 
analysis  alone  are  not  sufficient  to  furnish  the  data  on  which  an 
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opinion  can  be  based  as  to  the  properties  the  drier  will  impart  to 
the  oil.  The  colour  and  drying  power  of  the  boiled  oil  to  be  pre- 
pared, and  other  conditions,  greatly  influence  the  choice  and  quantity 
of  the  drier. 

A table  detailing  the  proportions  of  metal  contained  in  some 
commercial  driers,  as  also  the  minimum  temperatures  at  which  they 
may  be  used,  is  given  in  the  author’s  Laboratory  Companion  to  the  Fats 
and  Oils  Industries } 

Each  manufacturer  appears  to  have  his  own  “formula”  for  the 
quantity  and  composition  of  driers  he  adds  to  the  oil  in  the  boiling 
process.  These  “ formulae  ” are  guarded  by  the  makers  as  valuable 
secrets.  As  a rule,  a quantity  of  driers  not  exceeding  2 to  3 per 
cent  of  the  oil  is  added.  The  best  results  are  stated  by  JVeger 
to  be  obtained  by  using  a mangano-lead  drier,  the  manganese  and 
lead  salts  being  mixed  in  such  proportions  that  the  metallic  lead 
(Pb)  and  metallic  manganese  (Mn)  are  present  in  the  proportion  of 
5 to  1. 

The  solid  driers  have  the  drawback  that  a considerable  amount  of 
“ foots  ” settles  out  from  the  stored  finished  product.2  No  such 
deposit  is  formed  when  liquid  driers  are  employed. 

The  drying  power  of  finished  boiled  oil  depends  up  to  a certain 
limit  only  on  the  quantity  of  drier  added.  When  a given  amount 
of  drier  has  been  incorporated  with  the  oil,  its  drying  power  is  not 
increased  by  a further  addition  of  drier ; in  some  cases  the  drying 
power  actually  decreases.  Thus  JVeger  states  that  the  time  necessary 
for  drying  to  an  elastic  skin  is  the  shortest  when  the  boiled  oil 
contains  0’2  per  cent  of  manganese  as  metal,  and  in  the  case  of 
mangano-lead  driers  0 6 per  cent  of  metals,  the  proportion  of  lead  to 
manganese  being  5 to  l.8 

Lippert 4 pointed  out  the  differences  which  the  boiled  oil  skins 
show  according  as  to  whether  they  are  prepared  with  lead  driers  or 
manganese  driers.  Whilst  the  boiled  oils  containing  lead  dry  to  a 
leather-like  skin,  the  oils  prepared  with  manganese  are  more  brittle 
and  harder.  As  long  as  the  boiled  oils  prepared  with  lead  oxide 
driers  are  kept  carefully  protected  from  access  of  air,  they  do  not 
suffer  loss  in  drying  power ; nor  does  the  moisture  of  the  air  exercise 
the  same  influence  on  boiled  oils  prepared  with  lead  oxide  as  on 
boiled  oils  prepared  with  manganese  driers.  For,  in  some  cases, 
the  boiled  oils  prepared  with  the  aid  of  lead  driers  dry  better  in 
moist  than  in  dry  air.  Lippert  is  therefore  led  to  the  conclusion 
that,  in  contradistinction  to  boiled  oils  prepared  with  manganese,  the 
oils  “ boiled  ” with  lead  driers  are  influenced  to  a small  degree  only 

1 Table  No.  43,  p.  84. 

2 W.  Traiue  (German  patent  161,941)  suggests  the  use  of  lime  as  a means  of  prevent- 
ing the  formation  of  “foots.”  Since  calcium  rosinate  is  frequently  used  as  a “drier,” 
there  is  no  novelty  in  the  claim. 

3 Zeit.  f.  ang.  Chem.  1897,  401,  524,  560  ; Die  Sauer  stoff an  fnahme  der  Ole  und 

Harze,  E.  Baldamus,  Leipzig  (cp.  Lippert,  Zeit.  f.  ang.  Chem.  1897,  655  ; 1898,  412, 
431  ; 1903,  366).  4 Chem.  Zeit.  1903,  365. 
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by  the  moisture  of  the  air,  and  this  in  a manner  perfectly  independent 
of  the  proportion  of  lead.  Yet,  as  a rule,  if  the  air  is  dry,  the 
incipient  drying  process  proceeds  more  quickly. 

Since  boiled  oils  prepared  with  the  aid  of  lead  have  a tendency  to 
deposit  “ foots,”  Lippert  tried  to  prevent  their  separation 1 by  using 
lead  rosinate,  and  found  that  “ fused  ” lead  rosinate  is  preferable  to 
“ precipitated  ” lead  rosinate.  Old  boiled  oils,  rich  in  manganese, 
which  frequently  showed  a considerable  retardation  in  the  incipient 
stage  of  drying  if  exposed  to  moist  air,  gained  good  drying  properties 
after  admixture  with  a lead-oxide  boiled  oil.  These  observations, 
taken  in  conjunction  with  the  results  obtained  by  Weger , show  why 
manufacturers  of  boiled  oil  (notably  in  Germany)  are  in  favour  of 
preparing  their  boiled  oils  with  the  aid  of  lead-mangano  driers. 
Lippert  has  further  shown 2 that  whilst  all  boiled  oils  dry  more 
rapidly  in  a completely  dried  than  in  a moist  atmosphere — without 
regard  to  the  age  of  the  oil — small  quantities  of  manganese  suffice  to 
induce  a better  drying  in  a moist  than  in  a dry  atmosphere. 

In  the  drying  of  boiled  oils  the  influence  of  temperature,  light, 
and  of  moisture  of  the  air  play  an  important  part.  Lippert  3 specially 
examined  the  influence  of  the  last-named  factor  (proportion  of 
moisture  of  the  air)  on  the  drying  of  boiled  oils  prepared  with 
manganese  driers,  by  exposing  glass  plates  covered  with  a drying  oil 
both  to  the  ordinary  atmosphere  and  to  a completely  dried  atmo- 
sphere (under  a desiccator).  It  was  found  that  boiled  oils  containing 
over  0’05  per  cent  of  manganese  dried  more  quickly  in  dry  air  than 
in  moist  air.  The  rule  appears  to  hold  good  that  boiled  oils  rich  in 
manganese  dry  more  quickly  in  dry  air  than  in  moist  air,  whilst 
boiled  oils  poor  in  manganese  dry  more  rapidly  in  moist  air  than  in 
dry  air. 

It  would  appear  to  the  author  from  these  observations  that  the 
proportion  of  manganese  in  a boiled  oil  should  be  regulated 
according  to  the  season  in  which  it  is  to  Be  used. 

With  regard  to  the  theory  of  the  action  of  driers,  cp.  p.  139. 


Examination  of  Boiled  Oils 

The  chemical  examination  of  boiled  oils  embraces  the  detection  of 
adulterants,  such  as  fish  oils,  vegetable  oils  (other  than  linseed  oil), 
mineral  oils,  naphthalene,4  rosin  oils,  and  rosin  (cp.  “Linseed  Oil,” 
Yol.  II.  p.  54).  Oils  prepared  with  liquid  driers  may  legitimately 
contain  small  proportions  of  oil  of  turpentine.  The  number  of 
“ boiled  oil  substitutes  ” in  the  market  is  very  large  ; they  are  mostly 
made  up  of  rosin,  rosin  oils,  tar  oils,  petroleum  oils,  with  a small 
quantity  of  linseed  oil  or  tung  oil,  or  fish  and  blubber  oils,  and  must 

1 As  to  other  suggested  means  of  preventing  the  formation  of  “ foots,  ” cp.  E.  Tauber, 
Chem.  Zeit.  1906,  1252. 

2 Zeit.  f.  ang.  Chem.  1905,  94.  3 Chem.  Zeit.  1900,  133. 

4 The  addition  of  naphthalene  has  been  patented  by  W.  Traine,  English  patent 
5261,  1903. 
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be  looked  upon  as  adulterated  oils.  Most  of  the  so-called  “patent 
boiled  oils  ” fall  under  this  stricture.1 

Boiled  oil  is  readily  differentiated  from  raw  oil  by  its  specific 
gravity,  by  the  presence  of  drier  (giving  a residue  on  incineration), 
and  by  the  bromide  test  (see  below).  Boiled  oil  is  frequently 
mixed  with  raw  linseed  oil,  since  boiled  oil,  if  used  alone,  gives  in 
some  cases  a “ hard  ” coat  liable  to  crack ; hence  the  detection  of 
raw  linseed  oil  in  boiled  oils  is  of  little  practical  importance  in  this 
country. 

In  those  countries,  however,  where  raw  linseed  oil  and  boiled 
oil  are  assessed  differently  by  the  custom-house  officials,  the  rapid 
distinction  of  linseed  oil  from  boiled  oil  is  frequently  required. 
Finkener  recommends,  for  custom-house  purposes,  the  following  test, 
by  which  25  per  cent  of  boiled  oil  are  stated  to  be  detected  in  raw 
oil.  The  following  reagents  are  required : — A 20  per  cent  ammonia 
solution,  and  a solution  containing  100  grms.  of  lead  acetate  and  32 
grms.  of  glycerin  in  120  c.c.  of  water.  The  test  is  carried  out  as 
follows: — 1 c.c.  of  the  ammonia  solution  is  mixed  with  5 c.c.  of  the 
lead  solution,  12  c.c.  of  the  sample  are  added,  and  the  whole  is 
vigorously  shaken  together  and  then  heated  for  three  minutes  to 
100°  C.  If  the  sample  be  pure  linseed  oil,  it  will  form  two  layers 
on  standing,  the  lower  one  being  clear,  while  if  the  sample  contain 
boiled  oil  it  will  set  to  a soft,  viscous  mass. 

The  best  test  for  the  detection  and  approximate  determination 
of  raw  linseed  oil  in  boiled  oils  prepared  at  elevated  temperatures, 
is  the  bromide  test.2  The  oils  boiled  over  free  fire  by  the  old 
process  undergo  polymerisation  much  in  the  same  way  as  do  the 
polymerised  oils  (p.  94).  It  has  been  shown  above  that  the  yield 
of  ether- insoluble  bromides  rapidly  decreases  with  the  temperature 
employed.  Hence  these  boiled  oils  will  give  a much  lower  yield  of 
bromides.  In  boiled  oils,  however,  which  have  not  been  heated  to 
such  high  temperatures  this  method  would  not  give  a decisive 
answer,  as  the  oils,  not  having  undergone  polymerisation,  still  yield 
approximately  the  same  amount  of  bromides  as  do  the  original  oils. 

This  is  clearly  brought  out  by  the  following  table,  in  which  the 
iodine  values  of  some  “ pale  boiled  ” oils  and  some  “ double  boiled  ” oils 
prepared  at  150°  C.  are  recorded.  There  is  a considerable  decrease 
in  the  yield  of  ether-insoluble  bromides,  coincident  with  the  corre- 
sponding, although  by  no  means  proportionate,  decrease  of  the 
iodine  value.  The  author’s  view  that  these  decreases  are  due  to 
polymerisation  which  has  taken  place  in  consequence  of  the  high 
temperature  is  borne  out  by  the  numbers  recorded  for  last  three 
linseed  oils,  which  were  prepared  by  an  ozone  process  investigated  by 
the  author.  The  treatment  was  carried  out  at  temperatures  at 
which  polymerisation  does  not  take  place ; nor  would  any  ozonides 

1 The  German  patent  181,192  protects  a substitute  made  from  soft  soap,  amber 
varnish,  drier,  and  water.  German  patent  No.  166,563  claims  wool  fat  and  wool  fat  acids 
in  conjunction  with  zinc  rosinate. 

2 Lewkowitsch,  Analyst , 1904,  2. 
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(Yol.  I.  Chap.  VIII.)  formed  remain  stable.  Hence  the  yield  of  ether- 
insoluble  bromides,  as  also  the  iodine  value,  is  little  lower  than  that 
of  the  original  oil. 


Characteristics  of  Boiled  Oils  ( Lewlcowitsch ) 


Name. 

Specific 

Gravity. 

Iodine 

Value. 

Ether-insoluble 
Bromides  from 
Glycerides. 

Linseed  oil  (raw) 

0-9308 

186-4 

Per  cent. 

24-17 

Pale  boiled  linseed  oil 

0-9429 

171-0 

20-97 

Double  ,,  ,,  ,, 

Ozonised  ,,  ,, 

0-9449 

169-96 

13-03 

0-9310 

180-1 

36-26-36-34 

9 9 99  99 

0-9388 

171-2 

25-73 

0-9483 

169-7 

30-19 

Safflower  oil  (raw) 

0-92461 

146-46 

traces 

Double  boiled  safflower  oil 

0-9340 

137-3 

Pale  ,,  ,,  ,, 

0-9360 

139-1 

99  99  99  99 

0-93613 

137-0 

Double  ,,  ,,  ,, 

0-9447 

141-8 

none 

99  99  99  99 

0-95035 

127-3 

The  amount  of  oxidised  acids  in  boiled  oils  should  not  exceed  the 
proportions  given  in  the  following  table.  Fahrion  has  drawn  the  ' 
conclusion  (from  a few  experiments)  that  a boiled  oil  is  the  better 
the  less  oxidised  acids  it  contains  (cp.  p.  141). 

In  the  chemical  examination  of  a boiled  oil,  the  numbers 
collated  in  the  following  table  may  be  found  useful  as  a guide  : — 


[Table 


Some  Characteristics  and  Variables  of  Commercial  Boiled  Oils 
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It  should  be  noted  that,  owing  to  the  presence  of  metals  in 
boiled  oils,  the  determination  of  the  iodine  value  leads  to  too  high 
results,  unless  the  metal  be  first  removed  by  treatment  with  mineral 
acids.  The  error  that  may  be  committed  by  not  following  these 
directions  is  shown  by  the  figures  contained  in  the  following  table  : — 


Iodine  Values  of  Boiled  Oils  ( LewJcowitsch ) 


Boiled  Oil  from 

Original  Oil. 

Boiled  Oil  after  Removal  of 
Metal. 

Linseed  oil 

173*3 

169-7 

Safflower  oil 

177-2 

171-1 

134-9 

130-7 

The  valuation  of  a boiled  oil  which  has  been  found  free  from 
adulterants  must  be  based  on  “ practical  ” tests,  by  exposing  the  oil 
to  the  action  of  the  atmosphere  in  a thin  layer  on  glass  plates  in  the 
manner  described  Yol.  I.  Chap.  VII.,  and  Vol.  II.  under  “Linseed  Oil.’ 
The  oil  is  exposed  either  in  its  original  state  or  after  admixture 
with  pigments,  such  as  are  used  in  the  preparation  of  paints.  A 
weighed  or  measured  amount  of  boiled  oil  is  therefore  intimately 
intermixed  with  a weighed  amount  of  pigment,  the  mass  is  spread 
in  a thin  layer  on  a glass  plate,  and  exposed  to  the  atmosphere  side 
by  side  with  a boiled  oil  of  known  quality. 

The  author  uses  in  his  practice  a set  of  different  pigments  con- 
sisting of  white  lead,  zinc  oxide,  red  lead,  red  oxide  of  iron,  and 
yellow,  green,  blue,  and  finally  black  pigments.  Since  the  black 
pigment,  which  is  free  from  metals,  does  not  act  as  a catalyst,  the 
black  paint  requires  the  longest  time  to  dry,  and  therefore  furnishes 
the  severest  test  in  judging  the  quality  of  a boiled  oil.  It  should, 
however,  be  added  that  a good  deal  of  practical  experience  is  required 
to  arrive  at  a definite  opinion  as  to  the  value  of  a boiled  oil.1  The 
author  therefore  recommends  that  comparative  tests  with  boiled  oils 
of  known  quality  be  instituted. 


Boiled  oil  is  extensively  used  2 in  the  preparation  of  paints, 
varnishes,  and  enamels. 


Paints 


The  paints  to  be  considered  here  are  made  by  grinding  together 
levigated  pigments 3 with  boiled  oil  in  special  grinding  machines, 
until  a homogeneous  mass,  free  from  gritty  particles,  is  obtained. 


1 Cp.  Weger's  papers  referred  to,  p.  109  ; Lippert,  Zeit.  f.  ang.  Chem.  1900,  134  ; 
1903,  366. 

2 With  regard  to  plastic  masses  from  boiled  oil  see  German  patent  162,858  (J.  Staudt), 
and  also  German  patent  201,966  (Chem.  Fab.  Liegnitz , Meusel  and  Co.,  Oil  and 
Magnesium  Powder). 

3 In  the  manufacture  of  “ anticorrosive  ” or  “ antifouling  ” paints,  mercury  oxide  and 
copper  salts  are  employed. 
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In  most  works  the  proportion  of  oil  is  kept  as  low  as  possible,  it 
being  left  to  the  user  to  “ thin  ” the  paint  with  more  boiled  oil  (and 
“ oil  of  turps  ” if  required)  to  the  proper  consistence,  so  that  the  paint 
can  “flow”  under  the  brush.  The  percentage  of  oil  in  different 
commercial  paints  lies,  according  to  the  nature  of  the  pigments, 
from  between  8 or  10  per  cent  for  white  lead  paint  to  30-40  per  cent 
for  black  paints. 

The  chemical  examination  of  paints  has  been  briefly  sketched  out 
already  (p.  47).  The  paint  is  shaken  out  with  ether  to  dissolve  the 
oil.  Frequently,  however,  the  separation  of  oil  from  pigment  cannot 
be  thus  effected,  and  a mineral  acid  must  be  added  to  decompose 
metallic  soaps  and  to  bring  the  pigment  into  solution,  in  case  it  be 
soluble  in  acid.  The  ethereal  layer  is  separated  from  the  aqueous 
solution  and  any  undissolved  pigment.  The  undissolved  portions 
often  consist  of  weighting  substances  (termed  “ expanders  ” in 
the  United  States),  such  as  barytes,  gypsum,  etc.  After  evaporating 
off  the  ether,  the  residual  oil  may  be  subjected  to  further  examination. 
In  the  case  of  artists’  paints  the  examination  includes  the  identifica- 
tion of  walnut  or  (and)  poppy  seed  oils.  The  mineral  matter  is 
examined  by  the  well-known  methods  of  inorganic  analysis. 

The  more  important  physical  examination  of  paints  as  regards 
their  suitability  for  a given  purpose,  and  especially  for  withstanding 
the  action  of  the  atmosphere,1  falls  outside  the  scope  of  this  work 
{cp.  also  above). 

For  paints  made  with  emulsions  containing  oxidised  oils,  cp.  above, 

p.  91. 

Varnishes — Oil  Varnishes 

The  varnishes2  to  be  considered  here  consist  of  a mixture  of 
boiled  oil,  various  gum-resins,  and  oil  of  turps. 

Although  the  processes  for  manufacturing  varnishes  are  guarded  as 
valuable  secrets,  the  actual  amalgamation  of  the  ingredients  is  a simple 
I operation.  The  “ art  ” of  the  manufacturer  consists  in  the  suitable 
selection  of  gum-resins,  and  in  the  manner  of  preparing  them  for 
■“running”  with  oil.  Most  of  the  gum-resins  must  be  subjected  to  a 
preliminary  treatment  by  heating  to  a temperature  of  above  300°  C. 
The  different  gum-resins  lose  thereby  from  5 to  20  per  cent  of  their 
I weight.3 

The  actual  temperature  to  which  each  gum-resin  or  mixture  of 
j gum-resins  is  brought  up,  and  the  length  of  time  during  which  the 
I fused  mass  must  be  kept  at  the  desired  temperature  (so  as  to  avoid 
“ under-cooking  ” or  “ over-cooking  ”),  have  been  ascertained  by  truly 
I empirical  and,  hence,  costly  methods.  Therefore,  this  part  of  the 
operations  is  surrounded  by  manufacturers  with  the  deepest  secrecy. 

1 Cp.  The  Chemistry  and  Technology  of  Mixed  Paints , M.  Tocli,  New  York,  1907  ; 
Journ.  Soc.  Chem.  Ind.  1908,  311  ; and  E.  Tauber,  Chem.  Zeit.  1909,  85  ; 94. 

2 The  so-called  spirit  varnishes — “lacquers” — prepared  by  simply  dissolving  gum- 
resins  in  volatile  solvents— alcohol,  oil  of  turpentine,  etc. — fall  outside  the  scope  of  this 

work. 

3 Cp.  M.  A.  Tixier,  “Sur  la  theorie  des  vernis,”  Monit.  scient.  1906,  726. 
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The  attempts  that  have  been  made  hitherto  to  avoid  the  loss  incurred 
in  the  preliminary  heating  of  gum-resins,  e.g.  dissolving  them  in  linseed 
oil  under  pressure,1  have  not  been  successful.  Nor  have  satisfactory 
results  been  obtained  by  dissolving  the  gum-resins,  without  previous 
fusion,  in  benzene,  toluene,2  camphor  oil,  fatty  acids3  (such  as 
palmitic  acid),  naphthalene,4  oil  of  turpentine,  or  terpineol.5 

Although  unheated  gum-resins  are  soluble  in  their  original  state 
in  oil  of  turpentine,  and  linseed  oil  itself  is  also  soluble  in  this 
menstruum,  a clear  solution  cannot  be  obtained  by  adding  linseed  oil 
or  a solution  of  linseed  oil  in  oil  of  turpentine  to  a solution  of 
unheated  gum-resins  in  oil  of  turpentine.  For  “ varnishes  ” so  pre- 
pared, although  clear  at  first,  become  turbid  as  soon  as  the  oil  of 
turpentine  commences  to  evaporate,  linseed  oil  being  insoluble 
in  a concentrated  solution  of  the  gum-resins.  Livache 6 states,  how- 
ever, that  he  obtains  satisfactory  varnishes  without  previous  melting 
of  the  gum-resins  by  substituting  for  the  total  quantity  of  linseed  oil 
required  in  the  usual  varnishes  a mixture  of  two-fifths  of  that 
quantity  of  linseed  oil  and  three-fifths  of  its  mixed  fatty  acids. 

The  gum-resins  are  fused  in  an  open  cylindrical  vessel  fixed  on 
wheels,  so  that  the  vessel  can  be  rapidly  withdrawn  from  the  open 
fire,  over  which  the  mass  is  heated.  The  vapours  which  are  evolved 
are  allowed  to  escape  through  a chimney.  In  some  works  the 
temperature  is  carefully  observed  during  the  “ running,”  whilst  the 
mass  is  well  stirred,  so  that  no  part  of  the  gum-resin  may  burn  on  to 
the  side  of  the  vessel.  When  the  mass  is  deemed  to  have  been 
heated  sufficiently,  the  vessel  is  drawn  from  the  fire,  placed  in  an  open 
space  (yard),  and  the  desired  quantity  of  linseed  oil  or  of  “ boiled  ” 
oil,  previously  warmed,  is  entered  into  the  hot  gum-resin,  gradually  and 
in  small  quantities,  so  as  to  prevent  frothing  over.  If  raw  linseed 
oil  is  used,  then  the  “ boiling  ” is  carried  out  over  free  fire,  after  the 
addition  of  “ driers,”  by  bringing  the  vessel  again  into  the  fireplace. 

During  the  melting  operation  the  gum-resins  undergo  a kind  of 
destructive  distillation,  and  considerable  amounts  of  irritating  vapours 
are  evolved,  which  if  condensed  would  yield  an  oily  liquid,  containing 
oxygenated  substances  (both  acid  and  neutral)  and  consists  to  a great 
extent  of  terpenes. 

The  product  thus  obtained  is  termed  “varnish  oil.”  (French — 
Huile  a vernis ; German — LacJcol.)  The  varnish  oil  is  allowed  to 
“ settle  out,”  so  that  “ foots”  may  separate,  or  it  is  filtered  through  a 
filter -press.7  The  filter-cloths  must  be  freed  carefully  from  the 

1 Smith,  Journ.  Soc.  Ghem.  Ind.  1901,  1076.  Lewkowitsch,  ibid.  1901,  1077. 
Lippert,  Ghem.  Rev.  1901,  177. 

2 English  patent  5404,  1902.  3 German  patent  129,677. 

4 French  patent  334,107  (A.  Crebert) ; ibid.  334,300;  German  patent  165,003 
(H.  Terrisse). 

5 Tixier  and  Rambaud,  English  patent  17,135,  1903  ; German  patent  160,791. 
The  terpineol  is  obtained  by  allowing  nitric  acid  to  act  on  oil  of  turpentine.  At  present 
terpineol  is  obtained  as  a by-product  iu  the  manufacture  of  artificial  camphor. 

6 Gomptes  rendus,  1908,  cxlvi.  898. 

7 The  German  patent  189,514  (Internationale  Elektra,  Werke,  G.m.b.H.,  System, 
Dr.  Kronstein)  claims  a layer  of  common  salt  and  of  some  other  hygroscopic  substance 
(such  as  calcium  chloride,  magnesium  chloride)  as  a filtering  medium. 
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varnish  oil — by  solvents — as  the  woven  material  impregnated  with 
the  varnish  oil  is  extremely  liable  to  spontaneous  combustion. 

The  varnish  oil  is  then  diluted  or  “ thinned  ” with  oil  of  turpentine 
(“  oil  of  turps  ”)  to  produce  the  commercial  varnish. 

The  most  suitable  fatty  oil,  and  practically  the  only  one  used  for 
high-class  varnishes,  is  linseed  oil.  A large  number  of  patents  have 
been  taken  out  purporting  to  substitute  successfully  linseed  oil  by 
tung  oil,  or  by  mixtures  of  linseed  oil  and  tung  oil.  In  most  of  the 
products  of  this  kind  which  the  author  has  examined,  the  expensive 
gum-resins  had  been  substituted  by  colophony  (which  is  also  capable 
of  absorbing  oxygen  from  the  air)  ; with  regard  to  the  oxygen 
absorption  power  of  colophony,  cp.  Table  No.  38  of  the  Laboratory 
Companion  to  the  Fats  and  Oils  Industries ). 

For  oil  of  turpentine  the  less  valuable  “wood  oil  ” and  cheaper 
hydrocarbons,  especially  petroleum  hydrocarbons  of  the  same  boiling 
point,  and  special  fractions  of  rosin  oil  are  very  frequently  substituted. 

A complete  chemical  analysis  of  varnishes  is,  in  the  present  state 
of  our  knowledge,  an  extremely  difficult  problem.1  Whilst  the  fatty  oil 
may  be  more  or  less  readily  recognised,  it  is  in  some  cases  impossible 
to  identify  the  gum-resin  constituent  by  chemical  means  alone,  con- 
siderable practical  experience  being  required  to  supplement  the 
purely  chemical  examination. 

The  first  operation  in  the  chemical  examination  of  a varnish  is  to 
remove  the  volatile  solvent.  This  is  done  by  heating  100  grms.  of 
the  varnish  in  a current  of  steam  2 until  no  more  volatile  oil  comes 
over  with  the  vapours. 

The  volume  of  the  volatile  oil  is  measured,  and  after  its  specific 
gravity  has  been  determined,  the  absolute  weight  can  be  calculated. 


Volatile  Portion  of  the  Varnish 

The  examination  of  the  volatile  portion  and  its  identification  has 
| during  latter  years  become  a most  important  part  of  the  analysis  of 
varnishes,  since,  owing  to  the  most  devastating  manner  in  which 
the  collection  of  the  oleo-resin  (turpentine)  from  the  pine  forests  of 
Carolina,  Georgia,  and  Florida  has  been  carried  on,  the  supply  of  oil  of 
turpentine  (“  spirits  of  turpentine  ”)  has  decreased  considerably.  Thus 
whilst  the  American  output  of  oil  of  turpentine  (17*5  per  cent  of 
which  are  obtained  from  the  crude  turpentine  by  distillation)  amounted 
l to  38,488,170  gallons  in  1900,  it  had  fallen  to  30,687,051  in  the  year 
1905,  the  number  of  installations  then  being  1287.  The  increased 
demand,  coincident  with  decreased  supplies,  has  raised  the  price 
considerably,  as  will  be  gathered  from  the  following  tables  giving 
the  quantities  and  the  value  of  the  exported  oil  of  turpentine. 

1 Cp.  Rebs,  Chem.  Zeit.  1908,  Rep.  435. 

2 Cp.  Mcllhiney,  Journ.  Amer.  Chem.  Soc.  1895,  344. 
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Exports  of  Oil  of  Turpentine  from  the  United  States  of  America 


1901 

1902 

1903 

1904 

1905 


Gallons. 

20,240,851 

19,177,788 

16,378,787 

17,202,808 

15,894,813 


Export  of  Oil  of  Turpentine  from  the  United  States  of  America 


To 

Value  in  Dollars. 

1902. 

1903. 

1904. 

1905. 

1906. 

United  Kingdom 
Germany 
Holland  . 
Belgium  . 

Italy 

Total  . 

3,419,764 

1,101,175 

950,784 

944,782 

146,687 

3,553,172 

1,009,808 

920,567 

1,150,728 

251,573 

4,438,779 

1,402,982 

782,884 

1,290,909 

177,420 

3,849,060 

1,261,633 

984,181 

1,294,693 

114,303 

4,091,643 

1,624,066 

1,082,722 

1,342,273 

184,233 

7,431,248 

8,014,322 

9,446,155 

8,902,101 

10,077,268 

The  American  oil  of  turpentine  is  obtained  from  the  turpentine 
of  various  species  of  Finns,  the  most  productive  being  Finns  palustris, 
the  “ long  leaf  ” pine,  and  F.  heterophylla  (Cuban  pine,  slash  pine), 
although  also  Pinus  tcecla  (the  Cuban  “ loblolly  ” or  “ rosemary  ” pine) 
and  the  “ short  leaf  ” pine  are  worked  to  advantage.1  Similar  in 
quality,  though,  as  a rule,  opposite  in  the  sense  of  its  optical  rotation, 
is  the  loevorotatory  French  oil  of  turpentine,  which  is  obtained  from 
the  oleo-resin  of  Finns  maritima  in  the*  south  and  the  south-west  of 
France  (“  Landes  ”).  The  production  of  French  oil  of  turpentine  is 

1 The  “pond  pine”  ( Pinus  serotina),  which  is  found  scattered  among  the  forests  of 
the  “long  leaf  pine”  along  the  Atlantic  sea-board,  yields  an  oleo-resin,  the  volatile  oil 
of  which  was  examined  by  Herty  and  Dickson  ( Journ . Avicr.  Chem.  Soc.  1908,  872), 
The  oil  had  the  specific  gravity  0*8478  at  20°  C.,the  iodine  number  378 ; [a]20=  - 105° 36', 

n20  = 1*4734.  One  part  of  the  oil  required  for  solution,  at  22  5°  C.,  1'35  parts  of  95  per 

D 

cent,  4*80  parts  of  90  per  cent,  8*10  parts  of  85  per  cent,  16*20  parts  of  80  per  cent, 
and  56*00  parts  of  70  per  cent  alcohol  respectively.  By  iractionation  the  following 
results  were  obtained  : — 


°C. 

Per  cent. 

7120°. 

D 

Rotation  in 
100-mm.  tube 
at  20°  C. 

172-175 

27*4 

1*4716 

- 87°  53' 

175-180 

57*0 

1*4724 

-92°  21' 

180-185 

8*4 

1*4744 

-92°  14 

Above  185 

7*2 

1-5045 

Comparative  evaporation  tests  with  a volatile  oil  from  the  oleo-resin 


of  P.  palustris 
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very  much  smaller  than  that  of  American  oil.  Reliable  statistical 
data  as  to  the  production  are  not  available  ; it  appears  that  most  of 
the  oil  is  consumed  at  home,  the  total  export  in  1904  amounting  to 
118,000  cwts.,  of  which  9150  cwts.  were  sent  to  the  United  Kingdom. 
In  the  year  1905  the  quantity  exported  to  the  United  Kingdom  had 
trebled,  reaching  28,154  cwts. 

The  American  and  French  oils  of  turpentine,  being  obtained  from 
the  oleo-resin  exuded  by  the  live  tree,  have  a pleasant  pine  odour 
free  from  the  empyreumatic  smell  which  stamps  the  Russian  oil 
(see  below)  as  an  oil  of  decidedly  inferior  quality. 

Endeavours  have  been  made  to  create  an  oil  of  turpentine 
industry  in  other  countries.  Thus  the  production  of  oil  of  turpentine 
in  Spain  has  been  gradually  increased  during  the  last  years,  as  will 
be  seen  from  the  following  table,  which  shows  the  output  of  about 
twenty  factories  (which  are  under  a trust : L’Union  Resinera 
Espanola).  The  amount  of  “ rosin  ” produced  has  also  been  added. 


Year. 

Oil  of  Turpentine. 

Rosin. 

1898- 1899 

1899- 1900 

1900- 1901 

1901- 1902 

1902- 1903 

1903- 1904 

1904- 1905 

1905- 1906 

Kilos. 

1,866,821 

2,336,288 

2,379,301 

2,287,671 

2,549,309 

3,146,896 

3,440,815 

3,589,324 

Kilos. 

6,534,661 

8,375,535 

8,167,005 

7,972,650 

8,706,474 

10,825,256 

12,090,555 

12,157,241 

Of  the  total  output  of  Spanish  oil  of  turpentine  produced  in 
1905-6,  77  per  cent  were  exported,  the  remainder  being  consumed  at 

home. 

In  India  the  production  of  (rosin  and)  oil  of  turpentine  has  been 
taken  in  hand  under  the  auspices  of  the  Government.  The  species 

the  genuine  American  oil  of  turpentine  of  commerce)  at  the  ordinary  temperature,  in 
shallow  watch-glasses,  using  0"2  grms.,  gave  the  following  losses  : — 


Loss  after 

Oil  from 
P.  palustris. 

Oil  from 
P.  serotina. 

Per  cent. 

Per  cent. 

\ hour  .... 

35*7 

20-30 

1 hour  .... 

62-5 

37-30 

hours  .... 

91-7 

53-40 

2 hours  .... 

90 ’0 

68-47 

5 hours  .... 

97-8 

98-8 

With  regard  to  the  oxygen  absorption  power  of  the  oil  from  P.  serotina,  it  was  found 
that  during  the  first  days  it  absorbed  oxygen  much  more  rapidly  than  did  the  oil  from 
P.  palustris,  but  the  total  absorption  after  three  months’  exposure  was  practically  the 
same  in  each  case. 

The  oil  from  this  oleo-resin  has  not  yet  appeared  in  commerce,  but  as  the  oleo-resin 
will  undoubtedly  become  admixed  (in  course  of  time)  with  the  oleo-resin  from  P. palustris, 
attention  should  be  paid  to  the  fact  that  the  boiling  point  of  the  oil,  as  obtained  on  an 
experimental  scale  by  Herty  and  Dickson , is  somewhat  high. 
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Finns,  girardiana , Wall.  (North-West  Himalayas  and  Garwhal),  Finns 
Klmsya , Royle  (Khasia  mountains  of  Chittagong,  Burma),  Finns 
longifolia  (Himalayan  slopes,  North-West  Kashmir),  and  Finus 
Merlcusii  (Shan  States,  Martaban,  Upper  Tennasserim)  seem  to  be 
suitable.  The  oleo-resin  from  Pinus  longifolia  has  been  collected  for 
distillation,  especially  during  the  last  few  years.  In  the  year  1900-1 
over  22,000  trees  were  “tapped”  and  1450  maunds  1 of  turpentine 
were  collected,  which  yielded  1600  gallons  of  oil  of  turpentine.  In 
the  year  1902-3,  43,000  trees  were  “tapped”  and  3000  maunds1  of 
oleo-resin  distilled.  In  the  year  1906  the  production  had  been 
greatly  extended,  so  that  in  the  United  Provinces  about  11,664 
gallons  of  oil  were  manufactured. — In  British  Honduras  this  industry 
is  likely  to  assume  considerable  dimensions ; the  species  of  pine  tree 
furnishing  there  oleo-resin  is  Pinus  cubensis  (see  Appendix). 

The  greatest  consumer  of  oil  of  turpentine  is  the  United  Kingdom, 
as  will  be  gathered  from  the  following  table  :• — 


Imports  of  Oil  of  Turpentine  into  the  United  Kingdom 


Year. 

Total  Quantity. 

Total  Value. 

From  the  United  States. 

Quantity. 

Value. 

1901 

Cwts. 

643,846 

£ 

842,742 

Cwts. 

618,972 

£ 

819,327 

1902 

532,455 

533,109 

888,538 

496,389 

851,484 

1903 

1,028,934 

460,324 

938,184 

1904 

528,112 

1,006,369 

462,079 

925,060 

1905 

526,679 

1,104,300 

424,892 

972,693 

Accurate  statistical  data  for  Germany  are  not  available,  as  oil  of 
turpentine  is  classed  together  with  pinolin,  pine  needle  oil,  rosin  oil 
(and  in  the  years  1905-6  also  with  camphor  oil),  as  is  stated  in  the 
following  table  : — 


1905. 

1906. 

1907. 

Import. 

Export. 

Import. 

Export. 

Import. 

Export. 

Oil  of  turpentine,  pine  needle 
oil,  rosin  oil 

Kilos. 

27,890,2002 

Kilos. 

1,700,7002 

| Kilos. 

| 32,528,2002 

Kilos. 

1,462,0002 

Kilos. 

29,347,400 

Kilos. 

1,271,400 

From  the  above-given  tables  the  quantities  of  oil  of  turpentine 
imported  into  Germany  from  the  United  States  can  be  computed. 
In  the  difference  there  would  be  included  the  import  of  Spanish  oil 
of  turpentine,  and  most  notably  the  Russian  and  Finnish  oils  of 
turpentine. 

1 1 maund  = 82'6  lbs.  (37*5  kg.). 


2 Includes  camphor  oil. 
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Genuine  oil  of  turpentine  should  have  a specific  gravity  of  0*865  at 
15*5°  C.,  should  yield  on  fractionation  (determination  of  the  boiling 
point)  90  per  cent  of  distillate  from  155c-165°  C.,  should  have  a flash 
point  of  about  92°-94°  C.  in  Gray's  apparatus,  absorb  about  400  per 
cent  of  iodine,1  and  have  a refractive  index  of  1*47  at  20°  C.2  In  the 
following  table  (see  p.  125)  the  analytical  data  of  two  different 
specimens  of  genuine  American  oils  of  turpentine  are  given.  With 
regard  to  the  iodine  test,  I have  added  some  details  which  show  that  on 
using  an  excess  of  iodine  of  1 10  to  135  per  cent  the  highest  results  are 
obtained  after  sixteen  hours’  standing.  It  should  be  noted  that  in 
contradistinction  to  “ wood  (oils  of)  turpentine  ” (see  below)  the  several 
fractions  obtained  in  the  boiling  point  test  give  approximately  the 
same  numbers,  a fact  which  is  of  importance  in  the  examination  of 
substitutes  and  adulterated  specimens. 

The  part  which  oil  of  turpentine  plays  in  the  process  of  “ drying  ” 
will  be  discussed  below,  p.  139. 

Of  distinctly  inferior  quality  to  the  American  and  French  oils  of 
turpentine  is  the  Russian  oil  of  turpentine , and  its  substitution  for 
American  and  French  oil  of  turpentine  without  a specific  declaration 
as  to  its  origin  is  not  admissible. 

This  oil  is  obtained  by  distillation  of  the  (dead)  waste  wood  and 
roots  3 of  the  Scotch  fir  ( Pinus  sylvestris),  and  is  best  known  under  its 
German  name  “ Kienol.”  The  oil  has  an  unpleasant  empyreumatic 
odour,  which  a varnish  prepared  with  it  will  give  off  whilst 
drying.  Hence  this  oil  is  entirely  unsuitable  for  varnishes  used  for 
indoor  work.  This  serious  drawback  has  led  to  the  designing  of 
processes  for  the  deodorisation  of  the  Russian  oil,  such  as  distilling 
over  lime  or  caustic  soda,  metallic  sodium,  metallic  calcium,4  or 
treatment  with  oxidising  agents  (permanganate,  chromic  acid,  per- 
sulphates,  ozone)  followed  by  distillation  over  lime  5 or  zinc  dust.6 

It  may  be  added  here  that  Schindelmeiser  isolated  from  “ Kienol  ” 
the  following  substances  : toluene,  cymene,  a quinone-like  substance 
having  a pungent  smell,  nopinene,  sylvestrene,  dipentene,  and 

1 The  determination  of  the  bromine  absorption  (Vaubel,  Plmrm.  Zeitung,  1906  (51), 
257)  in  place  of  the  iodine  test  cannot  be  recommended  (cp.  Vol.  I.  Chap.  X.). 

2 The  generally  accepted  opinion  that  American  oil  of  turpentine  is  dextrorotatory 
has  not  been  borne  out  by  recent  examinations.  Herty  ( Journ . Amer.  Ghem.  Soc. 
1908,  863)  states  that  whilst  oil  obtained  from  turpentine  at  different  times  of  the  year 
from  one  and  the  same  tree  remains  fairly  constant  in  its  optical  rotation,  oils  obtained 
from  oleo-resins  from  different  trees  of  the  same  species  and  growing  quite  close  to  each 
other  exhibit  wide  variations.  Thus  oils  from  P.  palustris  exhibited  rotations  from 
+ 1J  23'  to  +18°  18'  in  a 100-mm.  tube  at  20°  C.,  and  oils  from  the  turpentine  from 
Pinus  lieterophylla  rotations  ranging  from  + 0°  1 5'  to  - 29°  26'.  These  observations 
explain  satisfactorily  the  apparently  conflicting  statements  occurring  in  the  recent 
literature  on  this  subject  (Valenta,  Ghem.  Zeit.  1905,  807).  With  regard  to  the  rotatory 
dispersion  of  oil  of  turpentine,  see  E.  Darmois,  Gompt.  rend.  1908  (147),  195. 

3 Hence  this  oil  is  also  known  as  “ Wurzelstockol.  ” 

4 Cp.  A.  Hesse,  English  patent  7934,  1906  ; German  patent  180,499  ; United  States 
patent  835,907.  Cp.  also  Sprenger,  Belgian  patent  210,591. 

5 E.  Heber,  English  patent  10,004,  1903  ; United  States  patent  830,069,  1906  ; 
Carl  Kaas,  German  patents  170,543,  180,207  ; O.  P.  Pellnitz,  German  patent  202,254  ; 
Hecker  and  Zeidler , German  patent  196,907. 

6 German  patent  204,391  (L.  Ahlers). 
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hydrocarbons  of  the  methane  series.  From  the  highest  boiling 
fraction  of  “ Kienol  ” there  was  obtained  a sesquiterpene  identical 
with  an  optically  inactive  hydrocarbon  which  is  associated  with 
cadinene  in  oil  of  cade. 

The  products  now  placed  on  the  market  are  of  much  superior 
quality  to  those  that  were  delivered  some  six  or  eight  years  ago,  but 
they  cannot  rank  on  a par  with  American  or  French  oil. 

The  Russian  oil  is  chemically  differentiated  by  a much  lower 
iodine  value,  lower  specific  gravity,  and  higher  boiling  point. 

The  analysis  of  an  oil  of  this  type  is  given  under  No.  3 of  the 
table,  p.  125.  Such  an  oil  is  easily  recognised  as  a Russian  oil  by 
its  unpleasant  (empyreumatic)  smell,  which  becomes  distinctly  notice- 
able if  a few  drops  are  poured  on  to  a strip  of  filter- paper  and 
allowed  to  evaporate  slowly.  It  is  further  recognised  as  a “ wood 
oil”  by  the  sulphurous  acid  test  ( Conradson 1).  On  shaking  equal 
quantities  of  oil  and  sulphurous  acid  of  specific  gravity  1'030,  the 
oil,  which  separates  on  the  top,  has  a dark  yellow  colour.  Mixtures 
of  this  oil  with  genuine  oil  of  turpentine  are  in  this  test  readily 
recognised  by  a green  colouration  of  the  oil.  If  the  percentage  of 
Russian  oil  in  a genuine  oil  of  turpentine  is  small,  the  sulphurous 
acid  test  leaves  room  for  doubt.  Reliance  must  then  be  placed  on 
the  smell  of  the  sample,  which  should  be  allowed  to  evaporate  slowly 
by  exposure  to  the  atmosphere. 

The  quantity  of  Russian  oil  of  turpentine  exported  to  the  United 
Kingdom  is  given  in  the  following  table  : — 


Russian  Oil  of  Turpentine  imported  into  the  United  Kingdom 


Year. 

Quantity. 

Value. 

Cwts. 

| 

£ 

1901 

21,956 

19,882 

1902 

27,875 

24,249 

1903 

56,304 

60,155 

1904 

52,709 

58,147 

1905 

68,754 

67,117 

During  recent  years  Russian  oil  has  also  been  imported  in  the 
United  States,  where  it  is  no  doubt  used  to  adulterate  genuine 
American  oil. 

Finnish  [Swedish)  oil  of  turpentine  from  wood , as  also  “ pine  needle  oil,” 
obtained  by  distilling  the  fir  needles,2  and  the  so-called  “Sulfat 

1 Journ.  Soc.  Chem.  Ind.  1897,  519.  In  the  continental  literature  this  test  is  described 
as  the  Herzfeld  test,  although  Herzf eld’s  first  publication  appeared  in  Zeit.  offentl.  Chevne, 
1904,  382.  It  may  be  added  that  Herzfeld  still  claims  (Chem.  Revue , 1908,  11)  the 
sulphurous  acid  test  as  having  been  suggested  by  him. 

2 Cp.  J.  J.  Kondakow  and  J.  Schindelmeiser,  Chem.  Zeit.  1906,  722  ; 0.  Aschau, 
Zeit.f.  angew.  Chem.  1907,  1811.  Cp.  also  ibid.  1908,  468  ; Bergstrom  and  Fagerlind, 
Chem.  Zeit.  1908,  Rep.  641. 
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turpentine  oil,” 1 have  a similar  character,  and  can  at  best  only  be 
considered  as  inferior  substitutes  of  the  genuine  oil  of  turpentine. 
The  Finnish  oils  are  dextrorotatory. 

The  scarcity  of  genuine  oil  of  turpentine  in  America  has  led  there 
also  to  the  distillation  of  branches  and  roots  of  the  pine  tree  (dead 
wood),  and  thus  an  oil  was  produced  which  was  at  first  sold  under 
special  names,  such  as  “ wood  oil,”  “ pine  knot  oil,”  “ wood  turpen- 
tine,” “pine  wood  turpentine.”  Its  empyreumatic  odour,  similar  to 
that  of  the  Russian  oil,  and  its  inferiority  as  regards  imparting 
drying  power  to  a varnish,  readily  characterised  this  product  as  a low- 
grade  oil.  During  recent  years  a considerable  improvement  of  the 
product  has  been  effected  by  careful  distillation  of  the  wood,2  followed 
by  careful  fractionation  and  chemical  purification.  Thus,  wrhereas 
several  years  ago  such  oils  were  readily  recognised  by  low  iodine 
values — about  212 3 for  “refined  wood  turpentine”  and  328  for 
“ water  white  ” quality — a commercial  specimen  which  the  author 
examined — No.  4 of  the  table — closely  approaches  the  iodine  absorp- 
tion of  genuine  oil.  It  will  be  further  seen,  from  the  numbers  given 
in  the  following  table  for  4 a and  4 b,  that  by  further  fractionation  of 
this  sample  the  first  84  per  cent  reached  almost  the  normal  iodine 
value  of  genuine  oil  of  turpentine. 

These  highly  refined  wood  turpentine  oils  approach  in  their  boiling 
points  and  iodine  values  so  closely  to  the  genuine  oils  that  they  can 
be  differentiated  from  the  latter  only  by  the  sulphurous  acid  test  and 
by  their  smell.  For  mixtures  of  20  to  30  per  cent  of  “wrood  oil” 
with  80  to  70  per  cent  of  genuine  oil  the  sulphurous  acid  test  is  of 
doubtful  value,  and  fails  completely  if  the  percentage  of  “ wood  oil  ” 
falls  still  lower. 

In  such  cases — which,  however,  hardly  occur  in  practice,  as  the 
cost  of  refining  renders  the  admixture  of  so  small  an  amount  unre- 
munerative — the  smell  of  the  sample  itself  or  of  the  residue  from  a 
distillation  will  serve  as  a guide.  Confirmation  of  a suspicion  can 
then  be  obtained  by  the  chemical  examination  of  the  several  fractions, 
into  which  the  oil  is  resolved  by  distillation  (cp.  No.  4 a and  4 b of  the 
i following  table). 

1 This  is  a low-class  oil  of  turpentine  recovered  as  a by-product  in  the  manufacture 
of  cellulose  by  the  sulphate  process  (Vilarson  and  Person,  Journ.  Soc.  Chem.  Ind.  1907, 
278).  It  contains  as  impurities  organic  sulphides,  which  can  be  removed  by  treatment 
with  sulphuric  acid  containing  50  per  cent  monohydrate,  and  subsequent  distillation  in 

a current  of  steam. 

2 From  the  large  number  of  patents,  most  of  them  repetitions  of  earlier  patents,  the 
latest  may  be  selected: — J.  G.  Gardner,  United  States  patent  808,035  ; G.  O.  Gilmer, 
United  States  patent  813,088  ; F.  S.  Davis  and  Richardson,  United  States  patent 
826,407  ; F.  M.  Gideon,  United  States  patent  832,311  ; J.  G.  Saunders,  United  States 
patent  834,759  ; Hale  and  Kiirsteiner,  United  States  patent  828,474;  J.  T.  Denny,  United 

i States  patent  834,875  ; G.  R.  Pride,  United  States  patent  840,955  ; M.  M‘Kenzie,  French 
I patent  367,926  ; United  States  patents  851,687,  852,236  ; German  patent  200,157  ; 
j K.  Bosch,  French  patent  357,391  ; F.  T.  Snyder,  French  patent  368,198  ; English 
J patent  19,870,  1906  ; United  States  patent  821,264  ; H.  Rasche,  United  States 
! patent  850,098  ; F.  Pope,  United  States  patent  852,078  ; J.  W.  Thompson  Raleigh 
| aml  Newsom,  United  States  patent  862,680.  A criticism  of  these  processes  is  given  by 
] Teeple,  Journ.  Soc.  Chem.  Ind.  1907,  812. 

3 Worstall,  Journ.  Soc.  Chem.  Ind.  1904  301. 
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To  the  class  of  wood  oils  belongs  the  “ long  leaf  pine  oil,”  the 
oil  which  is  obtained  as  a by-product  in  the  extraction  of  turpentine 
from  “ lightwood  ” 1 ( i.e . from  portions  of  the  tree  which  had  been  cut 
at  least  three  years  and  were  very  resinous)  by  means  of  steam.  This 
oil,  which  now  comes  into  the  market  in  considerable  quantities,  has 
a specific  gravity  ranging  from  0*935  to  0*947,  begins  to  distil  at 
about  206°  to  210°  C.,  and  yields  75  per  cent  between  211°  to  218°  C., 
or  50  per  cent  between  213°  to  217°  C.  A sample  of  the  specific 
gravity  0*945  at  15*5°  C.  had  the  specific  rotation  [a]c=  - 11°, 
and  the  refractive  index  nD=  T4830.2  The  oil  consists  essentially  of 
terpineol,  C10H18O,3  and  gives  by  treatment  with  5 per  cent  of 
sulphuric  acid  terpene  hydrate,  C10H20O2  + H20,  with  a yield  of  60 
per  cent  of  the  theoretical  one.  According  to  Teeple,  the  formation 
of  terpineol  appears  to  be  due  to  the  gradual  absorption  of  1 molecule 
of  water  by  the  pinene  of  the  oleo-resin,  after  the  death  of  the  tree.4 
The  long  leaf  pine  oil  is  stated  to  dissolve  any  of  the  ordinary  gum- 
resins  without  it  being  necessary  to  subject  them  to  the  heating  process. 

Whereas  the  best  refined  “ wood  oils  ” may  serve  as  substitutes 
for  genuine  oil  of  turpentine  if  sold  under  their  proper  name,  the 
numerous  “ substitutes,”  mostly  sold  under  fancy  names,  must  be 
regarded  as  adulterated  oils.  The  analysis  of  two  such  oils  is  given 
in  the  following  table  under  No.  5 and  No.  6. 

It  will  be  seen  that  the  last  sample,  No.  6,  contains  much  more  of 
the  adulterant  than  does  No.  5.  The  usual  adulterants  of  turpentine 
oil  are  rosin  spirit  (pinolin5),  rosin  oil,6  and  especially  petroleum  hydro- 
carbons of  the  same  boiling  point.  All  these  are  easily  detected  by 
the  determination  of  the  specific  gravity,  boiling  point,  iodine  value, 
and  refraction  of  the  sample  or  of  its  fractions ; thus  the  amount  of 
adulterant  can  be  derived  with  sufficient  accuracy  for  practical  pur- 
poses.7 The  iodine  values  of  rosin  spirit  and  rosin  oil  are  about 

1 Teeple,  Journ.  Soc.  Chon.  Ind.  1907,  811. 

2 Teeple,  Journ.  Amer.  Chem.  Soc.  1908,  412. 

3 Walker,  Bull.  Mass.  Institute  of  Tech.  1905,  September. 

4 With  regard  to  the  chemistry  of  the  hydrocarbons  in  oil  of  turpentine,  cp.  also 
G.  B.  Frankforter  and  F.  C.  Frary,  Journ.  Amer.  Chem.  Soc.  1906,  1461. 

5 Grimaldi  {Chem.  Zeit.  1907,  1145  ; Atti  del  VI.  Congresso  di  Chimica  Applicata, 
Rome,  vol.  v.  365)  proposes  the  following  colour  reaction  as  characteristic  of  pinolin  : (1) 
An  emerald-green  colouration  with  tin  and  concentrated  hydrochloric  acid.  100  grms. 
of  oil  are  distilled  fractionally,  and  the  first  5 fractions  of  3 c.c.  each,  as  also  the  follow- 
ing fractions,  taken  in  intervals  of  5°  C.  up  to  170°  C.,  are  tested  with  hydrochloric  acid 
and  tin,  the  test-tube  being  kept  in  a boiling  water-bath.  In  the  case  of  pure  pinolin  a 
deep  emerald-green  colouration  is  observed.  The  presence  of  5 per  cent  of  pinolin  in  oil 
of  turps,  or  of  10  per  cent  “Kienol,”  can  be  detected.  If  the  colour  reaction  be 
indistinct,  the  experiment  should  be  repeated  with  200  to  400  grms.  of  substance.  (2) 
A yellow  colouration  changing  to  green  with  bromine  vapours.  The  fractions  are 
prepared  as  described  under  (1).  One  drop  is  placed  in  a porcelain  dish,  and  2 c.c.  of  a 
reagent,  prepared  from  1 volume  of  crystallised  carbolic  acid  and  2 volumes  of  carbon - 
tetrachloride,  are  added  and  vapours  of  a solution  of  bromine  in  carbontetrachloride 
blown  over  it. 

6 A colourless  rosin  oil  of  less  than  0*9  specific  gravity  and  boiling  point  about 
130°-200°  C.  is  frequently  used  for  adulteration. 

7 For  the  determination  of  petroleum  hydrocarbons  by  means  of  concentrated  sul- 
phuric acid,  cp.  J.  M.  M‘Candless,  Journ.  Amer.  Chem.  Soc.  1904,  26  ; Bohme,  Chem. 
Zeit.  1906,  633  ; R.  Adan,  Bull.  Soc.  Chim.  Belg.  1908,  389.  For  Burton's  nitric  acid 
test,  see  ibid. 
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180  and  100  respectively;  the  iodine  value  of  petroleum  hydro- 
carbons 1 is  very  low  or  nil.  Rosin  spirit  gives  a green  colouration 
with  sulphurous  acid.  Recently  carbon  tetrachloride  has  been  used 
for  adulteration,  chiefly  to  mask  the  presence  of  petroleum  hydro- 
carbons, which  lower  the  specific  gravity  (see  No.  6 of  the  following 
table).  Several  patentees  claim  the  addition  of  carbon  tetrachloride 
to  oil  of  turpentine  on  the  plea  that  it  renders  the  latter  non- 
inflammable.2  This  statement  is,  however,  not  borne  out  by  facts. 


Analyses  of  Genuine  Oils  of  Turpentine , Russian  Oil  of  Turpentine , Wood 
Oil , and  Adulterated  Oils  ( LewJcowitsch )3 


Specific 

Gravity. 

Boiling  Point. 

Flash 

Point 

in 

Gray’s 

Tester. 

Iodine  Test  (Wijs’  Method). 

Excess 

of 

Iodine. 

Time  allowed  to  stand. 

0 C. 

Yield. 

20  min. 

4 hrs. 

16  hrs. 

Per  cent. 

No.  1 Genuine  oil 

0-8685 

156-157 

38% 

93°  F. 

118 

379-6 

158 

62% 

181 

388-2 

159 

84% 

109 

402-0 

160 

92% 

No.  2 Genuine  oil 

0-8686 

154-155 

7% 

94°  F. 

75 

317-5 

157 

45% 

145 

390-0 

159 

84% 

147 

380'4 

160 

95% 

135 

403-5 

No.  3 Russian  oil 

0-8610 

160-161 

5% 

240 

298-2 

163 

12% 

157 

317-0 

165 

24% 

175 

311 

169 

50% 

170 

57% 

175 

76% 

178 

82% 

180 

85% 

185 

90% 

3a  Distillate  50 

per  cent  . 

0-8562 

36  Distillate 

next  40 

per  cent  . 

0-8601 

3c  Residue  10 

per  cent  . 

0-9022 

% 

1 For  the  rapid  detection  and  determination  of  petroleum  naphtha  in  turpentine 
H.  C.  Frey  (Journ.  Amer.  Chem.  Soc.  1908,  420)  recommends  to  measure  10  c.c.  of  a 
suspected  sample  into  a 50-c.c.  stoppered  measuring  cylinder,  to  add  30  c.c.  of  aniline, 
and  shake  violently  for  five  minutes.  If  any  petroleum  naphtha  is  in  the  sample,  it  will 
float  on  the  top  and  its  volume  can  be  read  off.  Frey  states  that  this  method  gives  very 
good  results  if  care  be  taken  that  the  aniline  is  free  from  water. 

2 English  patent  21,954  (G.  H.  Harrison)  ; A.  Pollet,  French  patent  354,425,  and 
First  Addition  No.  6170. 

3 Cp.  also  F.  W.  Richardson  and  Bowen,  Journ.  Soc.  Chem.  Ind.  1908,  613, 
and  J.  H.  Coste,  Analyst , 1908,  219. 
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Analyses  of  Genuine  Oils  of  Turpentine , Russian  Oil  of  Turpentine , Wood 
Oil , and  Adulterated  Oils  ( Lewkowitsch ) — continued 


Specific 

Gravity. 

Boiling  Point. 

Flash 

Point 

in 

Gray’s 

Tester. 

Iodine  Test  (Wijs’  Method). 

Excess 

of 

Iodine. 

Time  allowed  to  stand. 

°C. 

Yield. 

20  min. 

4 hrs. 

16  hrs. 

No.  4 

4 a 
4 b 

“Wood  oil,” 
refined 

Distillate  84 
per  cent  . 

Residue  16 
per  cent  . 

0*8677 

155-156 

157 

158 

159 

160 
161 
162 
163 

’ 164 

165 

166 
170 

2% 

12% 

28% 

40% 

50% 

60% 

66% 

70% 

76% 

78% 

80% 

84% 

95°  F. 

Per  cent. 
163 
121 

151 

211 

377*7 

389*5 

291*2 

380*9 

No.  5 

Oil  of  turps 
' sub- 
stitute 

0*8472 

147-150 

155 

156 

157 
160 
162 
165 
170 
175 
180 
185 
190 
195 
200 
205 

i% 

9% 

18% 

28% 

86% 

44% 

66% 

64% 

68% 

72% 

76% 

77% 

80% 

82% 

93°  F. 

271 

233*4 

No.  6 

Oil  of  turps 
sub- 
stitute . 

0*8203 

145-150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

8% 

5% 

10% 

15% 

20% 

27% 

32% 

38% 

43% 

49% 

54% 

94°  F. 

1377 

78*86 
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The  function  of  the  oil  of  turpentine  in  a varnish  is  to  act  as  an 
oxygen  (and  (or)  ozone)  carrier,  thus  assisting  the  drying  of  the  gum- 
resin  and  of  the  drying  oil  (cp.  p.  139).  It  is  very  likely  that  if 
ozone  be  formed,  it  would  exercise  a bleaching  effect.  When  the 
varnish  dries,  part  of  the  oil  of  turpentine  becomes  resinified  and 
assists  in  furnishing  a more  elastic  coat  than  would  be  obtained 
without  the  oil  of  turpentine.  Bosin  spirit  and  rosin  oil  leave  a 
sticky  residue  behind,  which  greatly  retards  the  drying  of  the  oil 
and  gum-resin  (most  likely  by  preventing  the  free  access  of  air). 
The  petroleum  hydrocarbons  volatilise  completely,  but  fail  to  impart 
any  drying  properties. 


Non-volatile  Portion  of  the  Varnish 

The  residue  left  in  the  flask  after  the  removal  of  the  volatile 
portion  is  freed  from  water.  By  ascertaining  the  amount  of  glycerol 
it  yields  on  saponification,  the  proportion  of  “ boiled  oil  ” can  be 
approximately  arrived  at.  The  separation  of  the  gums  from  the 
boiled  oil  cannot  always  , be  carried  out  satisfactorily  in  the  manner 
in  which  rosin  acids  are  separated  from  fatty  acids  (see  Vol.  I. 
Chap.  X.),  as  many  of  the  gum-resins  are  incompletely  soluble  in 
absolute  alcohol,  and  others  which  are  soluble  give  a heavy  pre- 
cipitate on  treatment  with  hydrochloric  acid  gas.  Hence  an  attempt* 
made  by  the  author  to  differentiate  between  gum-resins  and  colo- 
phony (which  is  used  as  an  adulterant  in  cheap  varnishes)  ended  in 
failure,  as  some  of  the  results  reproduced  in  the  following  table 
indicate  : — 


Soluble  in 
Absolute  Alcohol. 

Gum- Resin 
recovered  by 
Twitchell’s  Process. 

Per  cent. 

Per  cent. 

Copal  I. 

93 

84 

„ II.  . . . 

55 

29-9 

Mastic  .... 

84-4 

35*5 

The  characteristics  of  gum-resins — such  as  acid  value,  saponification 
value,  etc. — do  not  lead  to  decisive  information,  for  it  must  be  borne 
in  mind  that  the  gums  * are  heated  to  about  300°  C.,  so  that 
their  chemical  composition  becomes  entirely  changed.  Lewkowitsch 1 
examined  a number  of  gum -resins  used  in  the  manufacture  of 
varnishes  both  in  their  original  state  and  after  heating  to  300°  C. 
The  numbers  given  in  the  following  table  may  serve  as  a guide  in 
the  analysis  of  varnishes  : — 

1 Analyst , 1901,  37;  cp.  also  Worstall,  Journ.  Amer.  Chem.  Soc.  1903,  860  ; 
Coffignier,  Bull.  Soc.  Chimique,  1906  (35),  762. 
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The  amount  of  oxygen  absorbed  by  the  different  gum-resins 
appears  to  be  approximately  the  same.  This  may  be  gathered  from 
the  numbers  given  in  the  following  table  : — 


Oxygen  Absorptions  of  Varnish  Oils  ( Lewkowitsch ) 


Varnish  Oil  prepared  from 

Increase  in  weight  of  the  Varnish  Oils  kept 
under  a bell  jar,  protected  from  dust,  but 
with  free  access  of  air. 

After  days. 

Per  cent. 

Sandarac  .... 

352 

7*56 

Mogador  .... 

352 

7-68 

Copal  No.  1 

351 

671 

Copal  No.  2 

347 

6-57 

W.  G.  Rosin  . 

351 

7-37 

Mastic  .... 

347 

677 

Animi  .... 

347 

8-19 

Cowrie  .... 

346 

6-75 

Sandarac,  Australian 

346 

7-87 

Amber  .... 

338 

7-08 

It  should,  however,  be  pointed  out  that  these  numbers  must  be 
used  with  the  greatest  circumspection. 

The  detection  of  colophony,  which  must  be  looked  upon  as  an 
adulterant,  is  not  always  possible  by  chemical  means ; at  any  rate  its 
quantitative  determination,  if  it  be  present  in  admixture  with  gum- 
resins,  must  be  considered  as  impossible  in  the  present  state  of  our 
knowledge.1 

A series  of  practical  examinations  (by  JVeger)  of  a number  of 
boiled  oils,  varnish  oils,  and  rosin  oils,  as  regards  their  drying  power, 
is  given  in  Table  No.  38  of  the  Laboratory  Companion  to  Fats  and  Oils 
Industries. 

The  examination  of  the  ash  will  indicate  what  metal  or  metals 
have  been  used  as  driers.  Considerable  quantities  of  lime  in  the  ash 
point  to  the  addition  of  calcium  rosinate  (German,  Harzkalk ),  which 
is  frequently  used  in  excessive  quantities  to  give  the  dried  coat 
of  varnish  a fictitious  hardness  and  gloss,  which  disappear  some- 
what rapidly  on  exposure  to  moisture  with  formation  of  white 
spots,  caused  by  the  decomposition  of  the  rosinate  into  rosin  acid 
and  lime.2  The  chemical  examination  must  be  supplemented  by 
practical  tests. 

The  most  useful  results  are  obtained  by  painting  the  varnish  on 
the  special  material  (wood,  iron)  on  which  it  is  to  be  applied 
ultimately. 

Physical  tests  are  of  minor  importance.  The  determination  of 
the  viscosity  of  varnishes  has  been  proposed  by  Valenta , Laurie  and 

1 The  method  suggested  by  A.  H.  Gill  ( Journ . Amer.  Chem.  Soc.  1906,  1723)  must 
be  accepted  with  the  greatest  reserve.  Cp.  Mcllhiney,  Chem.  Engineer,  1908,  70. 

2 Cp.  Heupel,  Chem.  Revue,  1903,  125. 
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Baily 1 suggest  the  determination  of  the  hardness  by  means  of  a 
special  apparatus,2  in  which  a smooth  hard  plate,  coated  with  the 
varnish  to  be  tested,  is  drawn  across  a polished  blunt  point  which  is 
pressed  against  the  plate  with  a known  force. 

Since  these  tests  are  not  capable  of  superseding  the  usual 
“ practical  ” tests,  the  reader  must  be  referred  to  the  original  papers. 

The  practical  examination  of  varnish  for  suitability  and  drying 
power  is  carried  out  in  a similar  fashion  to  that  described  above  for 
boiled  oils.  The  influence  of  the  atmosphere  (moisture,  light,  etc.) 
can  only  be  observed  by  practically  testing  the  varnishes  as  delivered 
to  the  trade,  or  after  mixing  them  with  pigments  (see  “ Enamels  ”).3 


Enamels — Enamel  Paints 

French — Peintures  dmail , laques  a Vhuile.  German — Ollacke , 

Emaillefarben. 

“ Enamels  ” or  enamel  paints  is  a trade  term  given  to  mixtures  of 
varnishes  with  pigments  (such  as  zinc  oxide,  lead  oxide,  iron  oxide, 
etc.).  The  name  is  due  to  the  property  of  these  preparations  to  dry 
with  the  production  of  a skin  having  an  enamel-like  gloss.  The 
protection  afforded  by  enamels  is  very  much  greater  than  that  given 
by  the  corresponding  paints  containing  no  gum-resin. 

The  manufacturing  process  is  similar  to  that  for  paints.  The 
well -settled  varnish  oils  are  thoroughly  ground  up  with  finely 
levigated  pigments  until  a homogeneous  mass  free  from  grit  is 
obtained.  Finally  the  mass  is  thinned  with  oil  of  turpentine.  The 
finished  product  is  carefully  preserved  from  contact  with  air,  so  that 
no  premature  formation  of  a skin  on  the  surface  of  the  varnish  may 
take  place. 

Black  enamels  of  good  quality  are  prepared  with  the  aid  of 
asphaltum  without  using  a black  pigment  (charcoal),  as  the  drying  is 
by  the  presence  of  the  latter  greatly  retarded. 

For  the  chemical  examination  of  enamel  paints,  the  methods 
described  for  the  examination  of  paints  and  of  varnishes  must  be 
combined. 


IV. — OXIDISED  OILS 

French — Huiles  oxyddes.  German — Oxydierte  Ole. 

Italian — Olii  ossidati. 

Under  the  term  “ oxidised  oils  ” I comprise  all  those  oils  which 
have  absorbed  oxygen  by  exposure  to  the  atmosphere,  or  have  been 
oxidised  artificially  by  heating  (“blowing”)  in  a current  of  air, 
oxygen  gas,  or  ozone. 

1 Journal  of  the  Royal  Scottish  Society  of  Arts,  xvii.  (1906)  101. 

2 English  patent  3486,  1906.  3 Cp.  also  Chem.  Revue , 1908,  119. 
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From  the  explanations  given  in  Vol.  I.  Chap.  VII.,  it  will  be 
gathered  that  only  the  semi-drying  oils  and  drying  oils  lend  them- 
selves to  the  manufacture  of  oxidised  oils,  although  all  oils  and  fats, 
if  blown  with  oxygen  at  an  elevated  temperature,  become  oxidised 
with  formation  of  volatile  acids  and  “ oxidised  ” acids.  This  has 
been  shown  by  the  author  to  occur  even  in  the  case  of  “ premier  jus.”1 
The  behaviour  of  blubber  oils  and  liquid  waxes  is  similar  to  that  of 
the  semi-drying  oils.  It  is  convenient  to  divide  the  oxidised  oils 
into  two  classes,  namely,  those  obtained  from  semi-drying  vegetable 
oils,  blubber  oils,  and  liquid  waxes,  on  the  one  hand,  and  those 
obtained  from  drying  oils,  on  the  other. 


(1)  Oxidised  Oils  from  Semi-drying  Vegetable  Oils, 
Blubber  Oils,  and  Liquid  Waxes 

These  oxidised  oils  (termed  commercially  “ blown  oils,”  “ base 
oils,”  “thickened  oils,”  “ soluble  castor  oils  ” — French,  Huiles  souffles ; 
■German,  Geblasene  Ole ) are  prepared  by  heating  vegetable  semi- 
drying oils,  blubber  oils,  or  liquid  waxes  in  a current  of  air  to  a 
somewhat  elevated  temperature.  The  vegetable  oils,  blubber  oils, 
or  liquid  waxes  are  placed  in  a jacketed  pan  or  cylindrical  vessel, 
provided  with  a steam  coil  and  stirring  arrangement  (somewhat  similar 
to  the  apparatus  shown  in  Fig.  9),  so  that  the  oil  is  agitated  whilst 
the  air  is  blown  through  it ; the  object  of  the  agitation  and  spraying 
by  the  air  current  is  to  produce  as  complete  a contact  as  is  possible 
of  the  oil  with  air.  Whilst  air  is  blown  through  the  oils,  steam  is 
sent  through  the  coil  so  as  to  bring  the  temperature  up  to  70°  C.  or 
more,  in  some  cases  even  to  110-115°  C.  The  agitation  and  blowing 
is  continued  until  the  desired  specific  gravity  is  reached.  During  the 
blowing  some  volatile  fatty  acids  escape,  as  also  some  insoluble  acids, 
which  are  carried  away  mechanically  by  the  current  of  air.  In  some 
eases  the  temperature  rises  beyond  that  of  the  steam  used  for  heating, 
so  that  it  is  frequently  required  to  cool  the  “ blown  ” oil  by  passing 
cold  water  through  the  jacket  of  the  pan  or  the  coil  of  the  vessel,  as 
the  case  may  be. 

In  consequence  of  this  treatment  the  oils  increase  in  density  and 
in  viscosity.  They  approach  in  these  respects  castor  oil,  but  differ 
from  it  in  that  they  are  miscible  with  mineral  oils  in  all  proportions ; 
hence  the  commercial  term  “ soluble  castor  oil  ” has  been  given  to 
them.  They  further  differ  from  castor  oil  by  their  sparing  solubility 
in  alcohol. 

The  most  prominent  chemical  change  the  oils  undergo  through 
“ blowing  ” may  be  gathered  from  the  following  tables.  Therein 
are  collated  a number  of  observations  on  oils  which  have  been 
oxidised  on  a laboratory  scale,  together  with  the  corresponding 
numbers  of  the  original  oils  from  which  they  have  been  prepared. 

1 Analyst , 1899,  322.  Cp.  Table  36  of  Laboratory  Companion  to  Fats  and  Oils 
Industries.  Cp.  also  Blown  Lard  Oil,  Yol.  II.  Chap.  XIV.  under  “Lard  Oil.” 


132  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  ch. 

(Cp.  also  the  tables  given  in  Vol.  II.  Chap.  XIV.  under  the  headings 
of  the  individual  oils  and  liquid  waxes.) 

Oxidised  Oils  prepared  in  the  Laboratory,  see  table  facing  this 
page. 


Oxidised  Oils  prepared  in  the  Laboi 


RATORY 


I. 

II. 

III. 

IV. 

v: 

VI. 

VII. 

VIII. 

IX. 

' X. 

I. 

XII. 

XIII. 

XIV. ; 

= VIII.  - (IV. + XIII.). 

Oil. 

Specific  Gravity 

Free  Acid 

Unsaponifiable 

Matter. 

Iodine  Value. 

Specific 

Insoluble 

Soluble 

Iodin 

3 Value 

Molecular  Weight 

Of 

Oxidised 

Acids. 

Observer. 

(Water  15’5  = 1). 

Oleic. 

’ 

alue. 

Reaction. 

Volatile  Acids. 

Non-Volatile 

Acids. 

of  Ini 

ids. 

Insoluble 

Acids. 

Soluble  Non- 
Volatile  Acids. 

Soluble 
Volatile  Acids. 

iNon-voiauie  Fatty  agios  ireea  iroin  uxiaisect 
Acids  and. Unsaponifiable. 

Rape 

0*9141 

Per  cent. 
6*10 

Per  cent. 
0*65 

73*9 

100*5 

135 

Per  cent. 
94*76 

Per  i 
0*. 

52 

Per  cent. 

Percent. 

Molecular 

Weight. 

Molting  Point 

Thomson  and 
Ballantyue 1 

„ Blown  5 hours 

0*9275 

5*01 

183*0 

88*4 

,,  Blown  20  hours  . 

0*9615 

7*09 

0*76 

194*9 

63*2 

85*94 

9*20 

0-82 

6 

5*5 

327 

241 

72 

Sperm 

0*8797 

1*97 

36*32 

130*4 

82*1 

,,  Blown  25  hours'. 

0*8989 

3*27 

34*65 

142*3 

67  T 

Cotton  seed  ... 

1*1 

1*05 

190*4 

108*8 

94*22 

0*27 

92*9 

278*1 

35*36 

Fahrion 

Oxidised  cotton  seed  obtained 
by  exposure  on  chamois 
leather  (Vol.  I.  Chap.  VII.) 
and  exhausting  with  petrol- 
eum ether — 

After  8 days  . 

1*13 

223T 

55*4 

85*34 

20*62 

63*59 

276*2 

45*46 

After  12  days 

6*94 

1*33 

227*5 

46*3 

83*62 

19*13 

63*16 

46 

Oil  obtained  by  subse- 
quent exhaustion  with 
ether  of  the  leather  ex- 
tracted with  petroleum 
ether  .... 

16*79 

0*72 

271*3 

29*1 

74*20 

37*72 

35*76 

269T 

51 

Joum.  Soc.  OJiem.  Ind.  1892,  506. 
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Gravity  at 
15-5°  a 

(water  15-5=1). 


Unsaponifiable 


' 

Matter. 


Iodine  Value. 


0-9772 

0-9745 
0-9674 
0-9169 
0-9740 
At  20“  O. 
(water  20°=  1) 
0-9722 
0-9815 


Cp.  Vol.  I.  Chap.  VII. 


Molecular  Weight  of 


Thomson  and 
Ballantyne  2 


Gripper  6 
Lewkowitsch 
Thomson  and 
Ballantyne 
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In  the  table  facing  this  page  the  results  of  the  analysis  of  some 
commercial  “ blown  ” oils  are  recorded. 

It  will  be  noticed  that  a considerable  amount  of  lower  fatty  acids 
has  been  formed,  as  is  indicated  by  the  high  saponification  value  and 
the  Reichert- Meissl  value.  The  amount  of  oxidised  acids  formed 
having  been  determined  in  a few  cases  only,  it  seemed  important  to 
ascertain  whether  the  oxidised  acids  form  a characteristic  constituent 
of  the  blown  oils.  With  this  object  in  view,  the  author  carried 
out  an  examination  of  several  typical  commercial  blown  oils,  namely, 
blown  ravison  oil,  blown  East  India  rape  oil,  blown  cotton  seed  oil, 
and  blown  maize  oil.  The  results  of  the  investigation  are  given  in 
the  four  following  tables  (pp.  134,  135)1 : — 

1 Cp.  Analyst,  1902,  688. 
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The  characteristics  of  the  blown  oils  themselves  are  recorded  in 
table  A.  On  washing  the  acetylated  oils  with  water,  emulsions  were 
formed,  but  the  separation  of  the  acetylated  oil  from  the  water 
caused  no  difficulty.  The  blown  ravison  oil  gave  the  most  persistent 
emulsion.  The  characteristics  of  the  mixed  fatty  acids  are  given  in 
table  B.  The  oxidised  acids  (table  C)  were  separated  from  the  mixed 
fatty  acids  in  the  manner  described,  Vol.  I.  Chap.  VIII.  The 
saponification  values  of  the  oxidised  acids  are  considerably  higher  than 
their  neutralisation  values ; this  proves  that  lactonic  substances  are 
present.  On  separating  the  lactones  from  the  fatty  acids  in  the  manner 
described  (Vol.  I.  Chap.  VIII.),  the  supposed  lactones  were  obtained  as 
thick,  viscous  liquids,  soluble  in  alcohol.1  The  fatty  acids  recovered 
from  the  soap  solution  were  again  found  to  contain  notable  quantities 
of  lactones,  apparently  formed  on  liberating  the  acids  from  their  soap 
solution.  The  lactones  were  again  separated  off  in  the  same  manner, 
and  the  soap  solutions  decomposed  with  mineral  acid;  the  liberated 
fatty  acids  were  again  found  to  contain  lactones.  The  comparatively 
high  iodine  values  of  the  oxidised  acids  point  to  a considerable 
amount  of  unsaturated  fatty  acids.  (Since  the  oxidised  acids  are 
practically  insoluble  in  carbon  tetrachloride,  the  determination  of 
the  iodine  value  was  carried  out  in  alcoholic  solution.  The  error 
introduced  thereby  cannot  have  been  a considerable  one ; for  whilst 
the  blank  test  with  carbon  tetrachloride  required  506  c.c.  of  thio- 
sulphate, the  alcoholic  solution  took  50*00  c.c.)  Contrary  to  expecta- 
tion the  oxidised  acids  contained  also  notable  amounts  of  soluble  fatty 
acids.  The  explanation  which  suggested  itself,  namely,  that  these 
soluble  acids  were  formed  by  treatment  of  the  oxidised  acids  with 
alcoholic  potash,  was  not  borne  out  by  experiments,  as  the  oxidised 
acids  which  had  not  been  treated  with  alcoholic  potash  lost,  on  wash- 
ing with  water,  considerable  amounts  of  soluble  fatty  acids. 

The  characteristics  of  the  fatty  acids  freed  from  oxidised  acids  by 
petroleum  ether  are  detailed  in  table  D.  Their  acetyl  values  are  still 
considerable.  It  has  not  been  ascertained  yet  whether  this  is 
due  to  the  presence  of  hydroxylated  acids  soluble  in  petroleum 
ether.  These  acids  also  contain  lactones  (although  their  amount 
does  not  exceed  4 to  6 per  cent),  as  well  as  small  amounts  of  soluble 
acids. 

These  results  show  that  the  oxidised  oils  consist  of  a complicated 
mixture  of  acids.  The  nature  of  these  acids  is  being  investigated  by 
the  author.  Since  the  blown  oils  yield  practically  the  full  amount  of 
glycerol,  it  would  appear  necessary  to  study  in  the  first  instance  the 
influence  of  “blowing”  on  the  individual  unsaturated  fatty  acids — 
oleic,  erucic,  linolic.  Hitherto  oleic  acid  only  has  been  examined, 
with  the  result  tabulated  (Vol.  I.  Chap.  VIII.). 

With  the  aid  of  the  numbers  given  in  the  foregoing  tables,  taken  in 
conjunction  with  such  other  characteristic  tests  as  will  readily  suggest 
themselves  to  the  analyst  from  the  perusal  of  the  sections  “ Cotton 
Seed  Oil”  and  “Rape  Oil”  in  Vol.  II.,  the  question  can  be  easily 
1 Cp.  Analyst , 1902,  144. 
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solved,  if  required,  as  to  whether  a blown  oil  has  been  prepared  from 
rape  oil  or  cotton  seed  oil. 

In  the  examination  of  the  oils  it  is  advisable  to  determine  the 
acetyl  values  of  both  the  original  oil  and  of  its  insoluble  fatty 
acids. 

The  problem  becomes  more  difficult  if  it  be  required  to  determine 
in  a commercial  lubricating  oil  the  respective  proportions  of  blown 
rape  oil  and  blown  cotton  seed  oil.  A method  based  on  the  different 
amounts  of  ether-insoluble  lead  salts  yielded  by  blown  rape  oil  and 
blown  cotton  seed  oil  respectively  (Vol.  II.  Chap.  XIY.)  is  not  likely 
to  lead  to  satisfactory  results.  More  information  would  be  derived  by 
ascertaining  the  melting  points  of  the  fatty  acids,  such  as  are  described 
in  table  D of  page  135,  and  perhaps  by  passing  these  acids  through 
the  lead-salt-ether  method.  Marcusson 1 is  of  the  opinion  that  the 
different  behaviour  to  petroleum  ether  of  the  fatty  acids  recovered 
from  the  ether-insoluble  lead  salts  of  the  blown  oils  may  furnish 
some  clue.  His  numbers  are  set  out  in  the  following  table : — 


Kind  of  Oil. 

Fatty  Acids  obtained  from  Lead  Salts,  insoluble 
in  Ether. 

Total  Amount. 

Acids  soluble  in 
Petroleum  Ether. 

Acids  insoluble 
in  Petroleum 
Ether. 

Per  cent.2 

Per  cent.2 

Per  cent.2 

Commercial  blown  rape  oil 

1-2 

1*2 

o-o 

3J  3 3 33  • 

Blown  rape  oil  prepared  in  the 

14*5 

5*7 

8-8 

laboratory  .... 

20-6 

87 

11-9 

Commercial  blown  cotton  seed  oil 

32*9 

23*3 

9-6 

Blown  cotton  seed  oil  prepared 

• in  the  laboratory  . 

45-8 

32-5 

13-3 

The  blown  oils  prepared  from  maize,  cotton  seed,  rape,  jamba, 
ravison  oils,  and  to  some  extent  also  those  obtained  from  seal  and 
sperm  oils,  find  technical  application  as  lubricating  oils  in  admixture 
with  other  oils.  They  are  said  to  be  useful  for  lubricating  purposes 
on  account  of  their  high  specific  gravities  and  viscosities.  Opinions 
differ,  however,  as  to  their  suitability,  objection  being  taken  to  them 
on  account  of  their  liability  to  “ gum  ” and  their  low  flash  points. 
Nevertheless,  the  blown  oils  are  extensively  used  in  admixture  with 
mineral  oils  and  even  with  rosin  oils.3  The  so-called  “ marine  oils  ” 
used  to  contain  considerable  proportions  of  blown  oils. 

The  longer  fatty  oils  are  “ blown,”  the  less  becomes  their 
miscibility  with  petroleum  hydrocarbons.  Jenkins 4 pointed  out  that 

1 Mitt.  K.  Mater. -Prufungsamt,  1905  (23),  p.  47. 

2 The  percentages  refer  to  the  weight  of  oil  used  for  the  preparation  of  the  lead  salts. 

3 The  employment  of  blown  oils  for  the  manufacture  of  putty  is  claimed  by  Horn 
(German  patent  154,220).  The  application  of  oxidised  oils  in  the  production  of  solid 
fuel  (for  binding  coal  dust)  is  claimed  by  R.  Middleton  (English  patent  347,  1905). 

4 Cp.  Analyst , 1902,  145. 
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the  blown  oils  are  least  soluble  in  American  petroleum  hydrocarbons, 
more  soluble  in  shale  hydrocarbons,  and  comparatively  easily  soluble 
in  the  hydrocarbons  from  Russian  petroleum.  Greater  still  is  their 
solubility  in  Borneo  oils. 

It  may  perhaps  be  possible  to  base  a method  of  differentiating 
the  various  hydrocarbons  on  their  different  behaviour  with  oxidised 
oils. 


The  blown  oils  obtained  from  blubber  oils  are  almost  exclusively 
prepared  for,  and  used  in,  the  leather  industries.  These  oils  will, 
therefore,  more  suitably  be  described  under  the  heading  of  “ Sod  Oil  ” 
and  “Degras”  (Chap.  XVI.). 


(2)  Oxidised  Oils  from  Drying  Oils1 

If  vegetable  drying  oils  are  exposed  to  the  atmosphere,  or  to  a 
current  of  air,  at  a somewhat  elevated  temperature,  the  formation 
of  oxidised  acids  proceeds  much  more  rapidly  than  in  the  case  of 
semi-drying  oils. 

Extensive  use  is  made  of  this  property  in  the  application  of 
paints  and  varnishes.  The  vegetable  oil — chiefly  linseed  oil 2 — finally 
dries  to  a solid  mass,  which  forms  a coherent  coat  on  the  surface 
of  the  object  to  which  a paint  or  varnish  has  been  applied. 

The  drying  oils  absorb  also  ozone  3 readily  with  the  formation  of 
“ ozonides.”  It  is  doubtful  whether  the  “ ozonides  ” are  stable  at  the 
temperatures  at  which  ozonised  oils  are  prepared.  At  any  rate,  the 
“ozonised  oils”  (see  p.  Ill)  prepared  by  blowing  at  an  elevated 
temperature  with  ozonised  air  seem  to  differ  from  “ oxidised  ” oils. 

The  theories  which  have  been  propounded  lately  to  explain  the 
“ drying  ” can  only  be  referred  to  here  briefly,  inasmuch  as  they  do 
not  yet  furnish  a completely  satisfactory  explanation. 

The  chemical  change  which  takes  place  when  a vegetable  oil 
“ dries  ” to  a solid  elastic  skin,  is  but  very  imperfectly  understood. 
The  final  product  appears,  however,  to  be  the  same,  whether  raw 
linseed  oil  be  allowed  to  absorb  oxygen  from  the  atmosphere  slowly, 
whether  the  “ drying  ” be  accelerated  by  previously  converting  the 
oil  into  “ boiled  ” oil,  or  if  the  raw  linseed  oil  be  treated  in  a current 
of  oxygen  or  ozone  at  a somewhat  elevated  temperature,  after  having 
been  intermixed  with  driers.  Mulder's  opinion  that  in  the  first  stage 
the  glyceridic  constituent  of  the  oil  is  oxidised  and  that  the  liberated 
fatty  acids  take  up  oxygen  and  are  converted  into  the  anhydride  of 
“ hydroxylinoleic  ” acid  ( i.e . the  anhydride  of  hydroxylated  linseed 

1 Under  this  heading  would  also  fall  the  oxidised  oils  prepared  from  cod  liver  oil. 
Since  they  are  exclusively  used  in  the  leather  industries,  they  are  more  suitably  de- 
scribed under  the  heading  of  “Degras,”  together  with  the  blown  oils  obtained  from  the 
blubber  oils  (see  Chap.  XVI. ). 

2 With  regard  to  tung  oil,  cp.  Kronstein,  English  patent  1386,  1901. 

3 Cp.  Chem.  Zeit.  1891,  672. 
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oil  fatty  acids),  a neutral  substance,  insoluble  in  ether,  termed 
by  him  “ linoxyn,”  must  be  rejected  as  erroneous,  for  this  view 
postulates  that  hydrolysis  of  the  glycerides  precedes  oxidation. 
It  has  been  pointed  out  already  that  the  solid  skin  is  not  formed 
when  the  mixed  fatty  acids  are  exposed  to  the  atmosphere.  More- 
over, Bauer  and  Hazura 1 have  shown  that,  at  any  rate  in  the  first  stage 
of  oxidation,  the  glyceridic  constituent  of  the  linseed  oil  remains 
intact  and  that  the  oil  is  converted  by  exposure  in  thin  layers  into  a 
substance  simulating  in  its  properties  Mulder’s  “ linoxyn,”  but  still 
representing  a glyceride.  This  substance  was  assumed  by  Bauer  and 
Hazura  to  be  hydroxylinolein  (i.e.  a mixture  of  hydroxylinolin  and 
hydroxylinolenin). 

Fahrion 2 applied  Engler  and  Weissberg’s 3 autoxidation  theory  to 
this  problem,  and  in  the  light  of  this  theory  he  regards  the  linseed  oil 
as  an  “ acceptor,”  and  the  driers,  especially  lead  and  manganese,  which 
are  readily  converted  into  peroxides,  as  autoxidisers  or  catalysers. 
He  further  argues  that  some  facts  seem  to  show  that  the  drying 
process  may  also  be  considered  as  a molecular  autoxycatalysis,  and 
driers  can  then  only  be  looked  upon  as  pseudo-catalysers  (pseudo- 
autoxidisers),  they  causing  the  addition  of  hydroxyl  groups,  and 
leading  to  the  formation  of  a secondary  autoxidiser.  The  latter  in 
its  turn  would  take  up  oxygen  in  its  molecular  form,  and  become 
converted  into  a hydro -peroxide,  which  finally  is  decomposed  by 
water  into  the  hydroxide  of  a metal  and  hydrogen  peroxide. 

The  phenomena  occurring  whilst  a paint  which  has  been  thinned 
with  turpentine  or  an  ordinary  varnish  dries  can  be  easily 
summarised  under  this  theory.  Oil  of  turpentine  absorbs  oxygen 
from  the  air  (this  phenomenon  is  termed  “autoxidation”),  and, 
judging  from  the  iodine  value,  oil  of  turpentine  should  be  able  to 
absorb  two  molecules  of  oxygen.  Whether  these  are  present  in  the 
form  of  oxygen  or  of  ozone,  or  partly  as  oxygen  and  ozone,  does  not 
appear  settled  yet.  The  oxygen  “ activated  ” by  the  oil  of  turpentine 
(and  contained  in  old  oil  of  turpentine  to  a considerable  extent)  is, 
according  to  Engler  and  JVeissberg,  neither  ozone  nor  atomistic  oxygen, 
nor  (as  stated  by  Kingzett 4)  hydrogen  peroxide.  The  oxygen  is 
said  to  have  been  taken  up  in  molecular  form,  with  the  formation 
of  a peroxide,  which,  by  intramolecular  rearrangement,  is  either 
changed  to  an  ordinary  oxide  or  disappears  owing  to  its  having 
oxidised  some  of  the  as  yet  unchanged  molecules  of  the  oil. 

If  the  views  of  Engler  and  JVeissberg  are  accepted,  then  the  well- 
known  fact  that  turpentine  absorbs  ozone  rapidly  would  have  to  be 
looked  upon  as  an  entirely  different  reaction,  and  the  question  whether 

(oil  of  turpentine  absorbs  oxygen  from  the  air,  or  is  able  to  “ activate  ” 
it  into  ozone,  would,  in  the  author’s  opinion,  have  to  be  decided 
. ultimately  by  isolating  the  oxidation  products  obtained  in  either 

1 Monatshefte  f.  Chem.  9,  459  ; Zeit.  f.  angew.  Chem.  1888,  455. 

2 Chem.  Zeit.  1904,  1196. 

3 Kritische  Studien  iiber  die  Vorgange  der  Autoxydation,  Braunschweig,  1904.  Cp. 

1 also  Fokin,  Journ.  Russ.  Phys.  Chem.  Soc.  1907,  609  ; 1908,  276. 

4 Journ.  Chem.  Soc.  18  (12),  511  ; (13)  210. 
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case.  An  important  step  in  this  direction  has  been  made  recently  by 
Harries  and  Nereslieimer,v  who  have  shown  that  on  passing  ozonised 
air  through  oil  of  turpentine  10-20  per  cent  of  a solid  pinene  ozonide 
(“pinene  perozonide  ”)  and  90-80  per  cent  of  a liquid  pinene-ozonide 
are  obtained.  The  solid  pinene  ozonide  does  not  appear  to  have  a 
constant  composition,  but  to  correspond  to  a mixture  of  C10H16O4 
and  of  C10H16O3. 

The  main  product  of  the  reaction  is  optically  active,  and  has  the 
formula  C10H16O3.  (Perhaps  further  investigations  may  enable  us  to 
isolate  also  the  “ peroxides  ” of  oil  of  turpentine.) 

In  the  light  of  Engler  and  Weissberg's  theory,  oil  of  turpentine, 
when  absorbing  oxygen  from  the  air  (“  autoxidation  ”),  would  act  as 
an  “ acceptor.”  Oil  of  turpentine  is  capable  of  absorbing  dry  oxygen  ; 
hence  the  process  can  take  place  in  the  absence  of  moisture.  If 
the  autoxidation  of  the  oil  of  turpentine  occurs  in  the  presence  of 
water,  the  latter  reacts  subsequently  on  the  peroxide  (which  is 
assumed  to  have  been  formed)  with  the  formation  of  an  oxidation 
product  and  of  hydrogen  peroxide. 

In  the  presence  of  oxidisable  substances,  such  as  linseed  oil  in 
paints,  or  linseed  oil  and  gum-resins  in  varnishes,  oil  of  turpentine 
would  appear  to  act  as  a pseudo-autoxidiser  (pseudo-catalyser),  it 
being  taken  as  granted  that  linseed  oil  itself  does  not  appear  to 
behave  as  an  auto-acceptor,  since  raw  linseed  oil  does  not  contain 
peroxides. 

Experimental  data  favouring  Engler  and  Weissberg’s  view  have  been 
furnished  by  Genthe2  In  an  elaborate  physico-chemical  study  of 
the  drying  of  linseed  oil  he  has  shown  by  a series  of  experiments  that 
the  drying  process  would  appear  to  represent  a special  case  of  auto- 
catalysis, inasmuch  as  his  results  correspond  approximately  to  numbers 
obtained  by  means  of  the  equation  dxjdt  = Jc(m  + x)  (a  - x)  (the  equation 
propounded  by  Ostwald  for  auto-catalytic  reactions).  The  substance 
which  acts  as  the  auto-catalyst  could,  however,  not  be  isolated,  and 
the  assumption  is  made  that  it  has  the  character  of  a peroxide.  The 
so-called  “ blown  boiled  oils  ” would  therefore  be  linseed  oils,  in  which 
peroxides  are  pre-form  ed,  and  the  accelerating  action  which  old  oil 
of  turpentine  possesses  would  be  due  to  the  high  percentage  of 
peroxide.  (It  must,  however,  not  be  overlooked  that  the  peroxide 
has  not  yet  been  isolated.)  The  “ driers  ” would  have  to  be  con- 
sidered as  pseudo-catalysts,  their  function  being  to  accelerate  the 
drying  process  by  assisting  in  the  formation  of  the  auto-catalysers 
(“  peroxides  ”). 

In  this  connection  it  may  be  pointed  out  that  Genthe  recently 
patented  3 a process  which  purports  to  pre-form  “ peroxides  ” in  linseed 
oil  by  exposing  it  to  ultra-violet  light,  or  by  oxidising  linseed  oil 
electrolytically  with  the  aid  of  lead  electrodes. 

Genthe  states  that  at  the  same  time  as  oxidation  takes  place  poly- 
merisation occurs,  as  is  ascertained  by  the  determination  of  molecular 

1 Berichte,  1908,  38.  2 Ze.it.  f.  ang.  Chem.  1906,  2087. 

3 German  patent  195,663.  Cp.  also  above,  p.  105. 
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weights.1  It  would  appear,  however,  to  the  author  2 that  this  must 
not  be  accepted  as  proven,  since  at  the  temperature  to  which  the  oil 
was  heated,  viz.  135°  C.,  polymerisation  of  linseed  oil  does  take  place, 
independently  of  oxidation ; and  it  must  further  be  pointed  out  that 
Genthe  has  not  shown  experimentally  that  polymerisation  occurs  at 
the  ordinary  temperature,  at  which,  as  is  well  known,  oxidation 
proceeds  at  a very  distinct  although  slow  rate. 

Fahrion  has  shown  that  when  boiled  oils  dry,  part  of  the  fatty 
acids  is  converted  into  a class  of  acids  for  which  I suggested  the  name 
“ oxidised  ” acids.  These  oxidised  acids  are  formed  to  a moderate 
extent  only  during  the  process  of  “boiling”  linseed  oil  (cp.  p.  112). 
On  spreading  three  boiled  oils  (of  the  iodine  values  101’3,  77*3,  337, 
and  containing  0‘5,  47,  7*6  per  cent  of  oxidised  acids  respectively) 
in  a thin  film  on  a glass  plate,  and  exposing  the  oils  to  the  air  for  ten 
days  at  a somewhat  higher  temperature  than  the  ordinary,  Fahrion 
found  that  the  proportions  of  oxidised  acids  had  increased  to  30’6, 
20‘8,  and  167  per  cent  respectively. 

It  appears  likely  that  in  the  first  instance  the  linolenic  acids  are 
attacked,  and  that  the  linolic  acid  only  plays  a subordinate  part ; 
otherwise  maize  and  cotton  seed  oils  would  exhibit  better  drying 
powers  than  they  actually  possess. 

With  a view  to  investigating  the  changes  which  take  place  when 
linseed  oil  dries,  I have  treated  linseed  oil  at  120°  C.  with  air  for  a 
varying  number  of  hours,  or,  in  other  words,  prepared  “ blown  ” 
linseed  oils.  The  results  obtained  on  examining  the  products  are 
set  out  in  the  following  table  : — 

1 Cp.  G.  Borries,  Beitrage  zur  Kenntniss  des  Trocknens  von  Olen,  Inaug.  Dissert., 
Zwickau,  1902. 

2 Jahrbuch  der  Chemie , xvi.  407. 


[Table 


Characteristics  of  Oxidised  (“Blown”)  Linseed  Oil  (Lewkowitscli) 
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If  the  oxidation  of  linseed  oil  is  carried  further,  until  the  oil 
has  taken  up  the  maximum  amount  of  oxygen,  a flexible  solid  mass 
is  obtained,  termed  “solidified  (linseed)  oil,”  “solid  linseed  oil,” 
“ oxidised  linseed  oil  ” (“  linoxyn  ”). 

Leeds  examined  two  oxidised  oils  which  were  obtained  by  treating 
linseed  oil  with  oxygen  in  a jacketed  pan.  They  are  contrasted  in 
the  following  table  with  a sample  of  completely  dried  oil  obtained 
from  a raw  linseed  oil  exposed  in  a flat  dish  to  a moderate  current  of 
air  at  45°  C.  for  about  five  weeks,  the  skin  formed  being  daily  broken 
up  and  intermixed  with  the  bulk.  This  dried  linseed  oil  had  a jelly- 
like  consistence,  lumps  of  comparatively  hard  material  and  skin 
alternating  with  a small  quantity  of  oil,  of  the  consistence  of  “ middle  ” 
varnish  : — 


Oxidised  Linseed  Oil  prepared  by  Treatment  with  Oxygen 


Oils. 

Specific 
Gravity 
at  15°  C. 

Free  Acid 
calculated  as 
Oleic  Acid. 

Saponifica- 
tion Value. 
Mgrms. 
KOH. 

Unsaponi- 

fiable 

Matter. 

Oxidised 

Acids. 

Iodine 

Value. 

Oxidised  oil,  weak 

1-03 

Per  cent. 
18-28-41 

221 

Per  cent. 
0-89 

Per  cent. 
42-82 

58-8 

_ » „ strong 

1*05 

18-49-28-91 

223*5 

0-97 

44-19 

53-5 

Dried  linseed  oil  . 

12-67 

171-6 

0-81 

31-58 

93-9 

Melting 

Point. 

Solidifying 

Point. 

Mean 

Combining 

Weight. 

Saponifica- 
tion Value. 

Iodine  Value. 

•c. 

°C. 

Oxidised  oil,  weak  . 

28 

26 

241-4 

232-4 

63-2 

„ „ strong  . 

27 

25 

242-5 

231-3 

60-6 

Dried  linseed  oil 

26 

22 

268-8 

208-7 

100-3 

The  fact  that  oxidised  linseed  oil  absorbs  considerable  amounts 
of  oxygen  during  “ blowing  ” is  brought  out  by  the  following 
elementary  analyses  due  to  Williams 2 : — 

1 The  first  of  these  figures  was  found  when  the  pink  colour  of  the  phenolphthalein 
remained  after  a vigorous  shaking  ; but  it  disappeared  after  a short  time,  and  more  alkali 
was  run  in  until  the  pink  coloiir  remained  constant  for  two  or  three  minutes  ; thus  the 
second  figure  was  obtained  (cp.,  however,  Journ.  Soc.  Chem.  Ind.  1890,  847). 

2 Analyst,  1898,  253. 


[Table 


144  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  ch. 


Carbon. 

Hydrogen. 

Oxygen. 

Per  cent. 

Per  cent. 

Per  cent. 

Solid  oil  I. 

74 '32 

10*04 

15-64 

„ II.  . . . 

6974 

9-57 

20'69 

„ HI. 

69-52 

9-49 

20-99 

„ IV. 

64-74 

9-01 

26-25 

„ v.  . 

65-40 

9-00 

25-60 

„ VI. 

68-64 

9-24 

22-12 

„ VII.  . . . 

64-38 

9-01 

26-61 

Raw  oil 

75-03 

10-78 

14-19 

JJ  .... 

75-40 

10-64 

13-96 

The  solid  oil  is  notable  for  its  high  amount  of  oxidised  acids.  A 
few  characteristics  of  the  oxidised  acids  prepared  from  solidified 
linseed  oil  have  been  given  above  (Yol.  I.  Chap.  VIII.).  In  the 
following  table  I collate  the  results  obtained  in  the  examination 
of  a solidified  oil 1 : — 


Characteristics  of  Solid  Linseed  Oil  ( Linoleum  Mass)  and  its  Acids 
( Lewkowitsch ) 


Solid  Oil. 

Total 

Fatty 

Acids. 

Oxidised 

Acids. 

Fatty 
Acids 
freed  from 
Oxidised 
Acids. 

I. 

Neutralisation  value  . 

209-63 

179-97 

II. 

Saponification  value  . 

287 -47 

24874 

187-58 

III. 

II. -I 

39*11 

7'61 

IV. 

Iodine  value 

52-2 

60-27 

46-49 

61-31 

V. 

Total  soluble  acids,  mgrms. 
K°H. 

136-9 

59-57 

59-68 

18-89 

VI. 

Unsaponifiable,  per  cent 

1-33 

... 

VII. 

Oxidised  acids,  per  cent 

53-01 

VIII. 

• 

Insoluble  acids  + unsaponi- 
fiable, per  cent. 

53-92 

81-32 

IX. 

Apparent  acetyl  value 

115-01 

164-67 

50-25 

X. 

True  acetyl  value 

55-04 

104-99 

31-36 

XI. 

Saponification  value  of  the 
acetylated  product. 

367-75 

304-24 

341-43 

246-11  1 

XII. 

Insoluble  acids  after  acetyl- 
ation, per  cent. 

84-4 

76-38 

96-05 

XIII. 

XI. -II 

55  "5 

86-29 

58-53 

_J 

Further  investigation  is  required  to  elucidate  the  changes  which 
linseed  oil  undergoes  whilst  being  converted  into  solid  oil. 

1 Lewkowitsch,  Analyst , 1902,  140. 
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Solidified  oil  is  heavier  than  water ; it  is  practically  insoluble  in 
ether,  chloroform,  and  carbon  bisulphide.  On  a large  scale  this 
substance  is  prepared  by  two  methods.  The  first  consists  in  allowing 
linseed  oil  (previously  “ boiled  ” with  a drier  in  order  to  accelerate  the 
oxygen  absorption)  to  run  over  “ scrim,”  a light  cotton  fabric  hanging 
down  from  the  ceiling  of  a high  building,  the  temperature  of  which 
is  kept  at  about  100°  F.  A portion  of  oil  solidifies  on  the  fabric  ; the 
oil  which  drains  off  is  again  pumped  up  and  allowed  to  run  down 
until  the  layers  of  the  semi-solid  mass  have  reached  (after  several 
weeks)  the  thickness  of  about  half  an  inch.  This  process  is  termed 
the  “ scrim  process  ” ; the  solidified  oil  obtained  by  this  method  is 
termed  “ scrim  oil.”1 

The  second  method  consists  in  passing  a current  of  oxygen  gas 
through  linseed  oil  intermixed  with  a drier  and  heated  by  steam  in 
jacketed  pans.2  When  the  maximum  amount  of  oxygen  has  been 
absorbed,  the  mass  forms  a thick  viscous  fluid,  which  will  still  flow 
whilst  hot,  but  on  cooling  solidifies  to  a substance  similar  to  the 
“scrim  oil.”  During  the  “ blowing ” partial  hydrolysis  and  oxidation 
of  the  glycerol  formed  takes  place,  as  notable  quantities  of  acrolein 
vapours  escape.  The  semi-solid  oil  so  obtained  has  not  the  same 
elastic  properties  which  the  “scrim  oil”  possesses.  This  is  no 
doubt  due  to  the  fact  that  in  the  scrim  oil  the  destruction  of  glycerol 
is  much  smaller,  and  the  oxidation  does  not  proceed  so  far  as  to  form 
“ superoxidised  oil  ” (see  below).  Whether  these  two  kinds  of  solid 
oil  are  identical  in  their  composition,  and  furthermore,  whether  they 
are  identical  with  the  elastic  skin  obtained  when  “ boiled  oil  ” dries, 
has  not  yet  been  ascertained. 

Both  processes  were  invented  by  F.  Walton  (in  1860  and  1863). 

In  another  process,  known  as  the  Taylor-Parnacott  method,  the 
linseed  oil  is  thickened  at  a high  temperature  in  a current  of  air. 
This  process  requires  only  a few  hours,  and  would  seem  to  be  in  the 
main  a polymerisation  process.  The  oil  is  converted  into  an  elastic 
rubber-like  mass,  and  is  used  (like  the  two  kinds  of  oxidised  oils  ob- 
tained by  Walton’s,  processes)  for  the  manufacture  of  “corticine.”  The 
Taylor-Parnacott  process,  invented  in  1871,  proved  for  some  time  a com- 
petitor to  the  Walton  processes.  In  some  factories  it  is  still  employed. 

A.  Kronstein  claims  to  obtain  an  alkali -resisting  linoleum  by 
using  polymerised  tung  oil,  or  linseed  oil  previously  freed  from  solid 
glycerides.3 

Linoleum 

The  solid  linseed  oil  is  used  on  an  extensive  scale  in  the  manu- 
: facture  of  linoleum.4  For  this  purpose  the  solidified  oil  is  mixed 

1 A laboratory  apparatus  for  the  practical  demonstration  of  the  manufacture  of 
> “scrim  oil”  has  been  described  by  Limmer,  Zeit.  f.  Chem.  Apparat.  1907,  399. 

2 Bedford,  German  patent  83,584.  Cp.  Brin,  English  patents  10,968.  12,652, 

I 1886.  3 German  patents  180,621,  204,398. 

4 Cp.  W.  F.  Reid,  Journ.  Soc.  Chem.  Ind.  1896,  75. 

VOL.  Ill  L 


146  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  ch. 


with  various  gum-resins,  rasped  cork,  pigments,  and  “ fillers  ” (wood 
meal,  etc.).  The  mass  so  obtained  is  termed  linoleum  cement.  It  is 
rolled  on  to  a jute  canvas-backing,  and  is  finally  stoved — “seasoned” 
— at  a temperature  of  75°  F.  before  being  placed  on  the  market  in 
its  well-known  form.1  The  “linoleum  corticine”  produced  by  the 
Taylor- Parnacott  process  requires  a second  “ seasoning.” 

Besides  plain  and  printed  linoleums,  there  are  also  manufactured 
at  present  “ inlaid  linoleum  ” and  “ cork  carpet.”  2 Detailed  indica- 
tions as  to  their  manufacture  fall  outside  the  scope  of  this  work. 

The  valuation  of  linoleum  is  almost  exclusively  based  on  “practical” 
tests.  The  methods  employed  for  testing  linoleum  at  the  Konigliche 
Technische  Versuchs  - Anstalten3  embrace  determinations  of  specific 
gravity,  weight  per  square  centimetre,  thickness,  resistance  to  wear, 
bending  tests  over  mandrils  of  10  to  45  mm.  diameter,  tensile 
strength,  extensibility,  permeability  to  water  and  the  action  of  weak 
acids,  alkalis,  and  petroleum. 

Ingle  has  criticised  these  methods  and  shown  that  the  mechanical 
(practical)  methods  of  examination  must  be  adapted  in  each  special 
case  to  the  use  to  which  the  linoleum  is  to  be  put.  Thus  the  testing 
of  tensile  strength  would  appear  absolutely  useless,  as  linoleum  is  not 
subjected  to  any  stretching  strains. 

The  following  chemical  tests  may  prove  useful  (Ingle) : — 

(1)  Determination  of  Ash. — Inlaid  linoleum  gives  the  highest  per- 
centage of  ash.  A linoleum  containing  above  20  per  cent  of  ash  is 
apt  to  be  brittle.  The  ash  includes,  of  course,  the  amount  of  pigment 
used  in  the  manufacture  of  the  linoleum,  as  also  the  metals  contained 
in  the  drier. 

(2)  Extraction  with  Ether. — The  extraction  with  ether  and  the 
determination  of  the  ether-soluble  proportion  does  not  afford  satis- 
factory guidance.  For  not  only  would  the  non-oxidised  or  non- 
oxidisable  portion  of  the  linseed  oil  pass  into  the  ether  extract,  but 
so  also  would  the  gum-resins  and  any  rosin  used  in  the  manufacture  of 
the  cement.  In  addition  to  this,  the  ether-soluble  constituent  of  the 
cork  (which  may  reach  4*5  per  cent)  would  pass  into  the  ether  extract 
together  with  the  gum-resins  (and  rosin).  If  linoleum  is  made  solely 
from  polymerised  linseed  oil  (Taylor- Parnacott  process),  then  only  the 
non-oxidised  portions  of  the  linseed  oil  and  the  cork  extract  will  be 
found  in  the  residue  left  after  evaporating  off  the  ether.  Ingle  thus 
obtained  from  a Taylor- Parnacott  cement  made  from  polymerised  oil 
and  cork,  only  8 to  10  per  cent  of  extract.  But  if  the  cement  be 
afterwards  mixed  with  rosin,  then  the  ether-extract  may  amount  to 
almost  18  per  cent.  Linoleum  made  by  Walton’ s processes  gives  a 

1 In  order  to  render  linoleum  non-combustible,  the  Societa  del  Linoleum,  Italy, 
claims  (French  patent  382,279)  a mixture  of  23  parts  of  linoleum  cement,  20  parts  of 
cork  meal  or  wood  meal,  6 parts  of  precipitated  silica,  8 ’4  parts  of  sodium  bicarbonate, 
42  parts  of  natural  magnesite,  6 parts  of  ochre  (or  another  mineral  pigment).  The  jute 
backing,  on  to  which  this  mixture  is  rolled,  is  steeped  in  a solution  of  ammonium 
chloride,  boric  acid,  and  borax. 

2 Ingle,  Journ.  Soc.  Chem.  Ind.  1904,  1201. 

3 Burchartz,  Mitth.  Konigl.  Tech.  Vers.-Anst.  1899,  285. 
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larger  amount  of  ether-extract — from  16  to  23  per  cent  of  ether- 
soluble  extract — than  those  made  by  Taylor- Parnacott’s  process.  It  is 
evident  that  two  linoleums  made  from  different  kinds  of  cements  must 
not  be  compared  on  the  basis  of  the  ether-extract. 

(3)  Determination  of  Moisture. — Moisture  is  determined  by  drying 
for  one  hour  in  the  water-oven.  This  test  is  considered  of  importance 
by  Ingle  as  “it  reveals  the  amount  of  surface  presented  by  a given 
weight  of  linoleum,  and  hence  is  more  or  less  proportional  to  its 
porosity.” 

(4)  IV iter  Absorption  Test. — In  order  to  carry  out  this  test,  the  canvas 
back  must  be  removed  and  the  linoleum  back,  thus  laid  bare,  rasped 
smooth  with  a file.  A piece  of  linoleum  of  about  50  square  cm. 
surface  is  dried  in  the  water-oven  and  weighed.  The  drying  opens  up 
the  pores  for  the  freer  action  of  the  water.  The  dried  linoleum  is 
placed  in  water  for  a definite  period,  taken  out,  dried  between  filter 
paper,  and  weighed.  The  increase  in  the  weight  (amount  of  water 
absorbed)  affords  a clue  in  the  valuation  of  linoleum.  This  test 
would  be  best  carried  out  side  by  side  with  a number  of  linoleums  of 
known  quality.  A large  amount  of  water  absorbed  means  high 
porosity,  and  this  would  seem  to  indicate  that  the  granules  of  the 
linoleums  are  not  adhering  sufficiently,  and  can  therefore  be  more 
easily  removed  by  wear.  For  more  detailed  information  the  reader 
must  be  referred  to  the  original  paper  and  to  the  following  table  : — 
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Reid 1 showed  that  the  “ solid  oil  ” is  liable  to  still  further 
oxidation,  for  he  obtained  from  it  a viscous  liquid,  heavier  than 
water,  and  soluble  in  it  to  a considerable  extent.  This  liquid  is 
termed  by  Reid  “ super -oxidised  ” linseed  oil.  The  decay  which 
paints  and  varnishes  exposed  to  the  atmosphere  undergo  in  course 
of  time,  may  be  explained  by  the  formation  of  this  super-oxidised  oil, 
which  is  washed  away  by  rain-water.  Linoleum  would  appear  to 
undergo  the  same  change  at  a much  slower  rate.  The  investigation 
of  the  “ super-oxidised  oil  ” is  desirable. 

With  regard  to  linoleums  made  from  polymerised  tung  oil, 
cp.  p.  99. 


V. — VULCANISED  OILS,  LUBBER  SUBSTITUTES 

French — Gomme  factice.  German — Kautschuksurrogate , Faktis. 

Italian — Olii  vulcanizzate. 

The  action  of  sulphur  chloride  on  oils  and  fats  has  been  dis- 
cussed in  Yol.  I.  Chap.  VII. ; it  has  also  been  pointed  out  that  a 
considerable  amount  of  heat  is  evolved  when  sulphur  chloride  interacts 
with  oils  and  fats. 

The  action  of  sulphur  on  oils  and  fats  is  much  slower.  At  the 
ordinary  temperature  no  chemical  change  takes  place ; at  elevated 
temperatures,  however,  sulphur  does  react  with  the  oils  and  fats  in 
a manner  that  may  be  likened  to  the  absorption  of  oxygen  at  the 
ordinary  temperature.  The  products  obtained  by  the  reactions  are 
solid  bodies  which  possess  some  degree  of  elasticity,  and  are  therefore 
used  as  rubber  substitutes. 

The  manufacture  of  these  substitutes  is  carried  out  in  a manner 
simulating  the  vulcanising  of  india-rubber,  namely,  either  by  treat- 
ing oils  with  sulphur  at  a somewhat  elevated  temperature  (comparable 
to  the  “ hot  cure  ” of  vulcanising  india-rubber),  or  by  treatment  with 
sulphur  chloride  in  the  cold  (corresponding  to  the  “ cold  cure  ” in  the 
vulcanising  of  india-rubber).  Hence  the  term  “ vulcanised  oils  ” is 
appropriately  applied  to  these  products. 

According  to  the  process  used,  the  vulcanised  oils  are  differentiated 
in  the  trade  as  “ brown  ” (black)  and  “ white  substitutes  ” respectively. 
The  “ white  substitutes  ” contain,  therefore,  a considerable  proportion 
of  chlorine,  which  is,  of  course,  absent  from  the  “ brown  (black)  sub- 
stitutes ” ; thus  it  is  possible  easily  to  distinguish  by  chemical  means 
between  the  two  classes  of  rubber  substitutes. 

The  white  substitutes  form  a yellowish,  elastic,  crumbly  substance 
of  oily  smell  and  neutral  reaction  ; the  brown  (black)  substitutes 
occur  in  commerce  either  as  sticky  lumps  or  as  a coarsely-ground 
powder. 

To  manufacture  the  white  substitutes  a suitable  oil,  especially 

1 Journ.  Soc.  Chem.  Incl.  1894,  1020. 
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rape  oil,  castor  oil,  maize  (corn)  oil,  sesame  or  arachis  oil,1  is  dissolved 
in  carbon  tetrachloride,  in  a wooden,  or  earthenware,  or  enamelled 
iron  vessel.  Whilst  the  oil  is  agitated,  sulphur  chloride  is  run  in,2 
the  agitation  being  continued  until  the  mass  has  solidified.  The 
reaction  is  accompanied  by  evolution  of  hydrochloric  acid  gas. 

The  brown  substitutes  are  manufactured  by  heating  oils  with 
sulphur  to  160°  C.  In  the  United  States  considerable  quantities  of 
brown  substitutes  are  made  from  maize  (corn)  oil  by  heating  50 
parts  of  oil  to  470°  F.  and  mixing  with  it  about  20  parts  of  molten 
sulphur. 

The  nature  of  the  chemical  change  which  takes  place  is  not 
yet  fully  understood,  and  little  can  be  added  to  the  notes  given 
(Yol.  I.  Chap.  VII.)  under  the  head  of  sulphur  chloride.  Henriques 
has  shown  that  blown  oils  require  much  less  sulphur  chloride 
than  do  the  original  oils  to  form  vulcanised  oils ; this  seems  to 
favour  the  opinion  that  the  white  substitutes  are  addition  products. 
On  saponification,  the  chlorine  only  is  eliminated  (as  hydrochloric 
acid),  the  sulphur  remaining  in  chemical  union  with  the  oils,  so  that 
unsaturated  substances  are  again  obtained,  as  is  proved  by  the  high 
iodine  numbers  of  the  sulphurised-  fatty  compounds.  The  sulphur 
cannot  be  present  in  the  form  of  an  SH  group,  as  the  acetyl  values  of 
the  substitutes  are  low. 

Nor  is  the  action  of  sulphur  on  oils  fully  understood.  Whereas 
melted  sulphur  does  not  interact  with  a saturated  fatty  acid,  such  as 
stearic  acid,  at  about  130°  C.,  oleic  acid  3 readily  absorbs  ten  per  cent 
of  sulphur  at  130°-150°  C.  The  sulphur  does  not  crystallise  out  on 
cooling  ; nor  is  sulphuretted  hydrogen  evolved.  The  reaction  which 
takes  place  appears  therefore  to  consist  of  a true  addition.  It 
differs  most  essentially  from  the  action  of  sulphur  on  oils  at  higher 
temperatures,  for  even  stearic  acid  is  attacked  by  sulphur  at  200°  C. 
with  evolution  of  sulphuretted  hydrogen,  much  as  oleic  acid  heated 
with  sulphur  to  200°-300°  C.  is  converted  into  sulpho-oleic  acid  with 
concomitant  formation  of  sulphuretted  hydrogen  (cp.  Yol.  I.  Chap.  III.). 

Altsckul  states  that  all  oils  behave  in  the  same  manner,  viz.  form 
with  sulphur  addition  compounds,  which  on  saponification  yield  salts 
of  sulphurised  fatty  acids ; the  latter  are  obtained  in  their  free  state 
on  decomposing  the  soaps  with  a mineral  acid. 

Henriques 4 proved,  however,  that  the  reaction  is  not  so  simple, 
and  that  addition  and  substitution  take  place  concurrently,  the 
former  preponderating  at  low  temperatures,  the  latter  at  high  ones. 
Also  Michael 5 showed  that  the  action  of  sulphur  on  unsaturated 
organic  compounds  is  of  a complicated  nature. 

Oxidised  oils  have  also  been  proposed  for  the  manufacture  of 
vulcanised  oil,  and  the  advantage  has  been  claimed  for  them  (see 
above)  that  they  require  less  sulphur  or  sulphur  chloride  than  do  the 

1 Linseed  oil  and  cotton  seed  oil  are  less  suitable. 

2 Hohn  ( Chem . Rev.  1900,  113)  states  that  in  the  case  of  colza  oil  not  less  than 
17  per  cent  of  sulphur  chloride  must  be  used. 

3 Altschul,  Journ.  Soc.  Chem.  Ind.  1896,  282. 

4 Journ.  Soc.  Chem.  Ind.  1896,  282. 


5 Berichte , 1895,  1633. 
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original  oils.  It  is  doubtful  whether  the  vulcanised  oils  prepared 
from  oxidised  oils  are  preferable  to  the  ordinary  vulcanised  oils. 

The  preparation  of  an  india-rubber  substitute  by  heating  a solution 
of  amber-resin  in  castor  oil  to  180°  C.  with  a small  proportion  of 
sulphur,  treating  the  sulphurised  product,  after  cooling,  with  ozonised 
air,  and  then  with  sulphur  chloride  in  the  presence  of  a solvent  at  a 
low  temperature,  has  been  patented  by  Tiehsen.1 

The  preparation  of  sulphurised  compounds  of  fatty  acids  or  of 
their  esters  will  be  described  under  “ Fatty  Acids.” 

The  “ quantitative  reactions  ” naturally  lend  themselves  as  suit- 
able methods  in  the  examination  of  india-rubber  substitutes.  They 
must  be  supplemented,  of  course,  by  such  tests  as  the  nature  of  the 
substance  requires.2 

It  should  be  noted  that  the  saponification  of  the  sulphurised  oil 
must  be  carried  out  in  the  cold  in  order  to  avoid  loss  of  sulphur.  In 
this  case  Henriques’  method  of  cold  saponification  described  above 
(Yol.  I.  Chap.  II.)  will  be  found  suitable. 

The  content  of  sulphur  is  estimated  by  treating  the  substitute 
with  fuming  nitric  acid  in  the  presence  of  silver  nitrate,  and  sub- 
sequently fusing  with  caustic  potash  and  potassium  nitrate.  The 
insoluble  silver  compounds  contain  all  the  chlorine.3 

The  following  table  reproduces  some  analyses  of  india-rubber 
substitutes  by  Henriques : — 

1  English  patent  17,579,  1904  ; German  patent  160,120  (Spatz  and  Tiehsen). 

2  Journ.  Soc.  Chem.  Ind.  1894,  47,  70. 

3  Cp.  also  Frank  and  Markwald,  Gumrai  Zeit.  1908  (22),  No.  50. 


[Table 


152  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES 


1§ 

OWOWMMiaN^H® 
Oi-iHr-iNMrt  ONfUO 

CO  CM  CO  O CO 
f— 1 I— I CM  OS  so 

o <3 

co 

TCioocoaKi^ 

so  O 

OS  OS  o CM  CM 

2> 

1-1 

HHHHH 

f-H 

1 »-H 

HHH 

o 

o 

© © © 

© o o 

© 

o 

CO 

CO  CO 

c3  ci  . cd 

cd 

CM 

co  -j*  ; : ; 

j*. 

6 

. 

© Eh 

© 

HH  *H 

Ph 

H 

© 

o o ' ’ 

•p 

S oo 

CO 

^ "*t<  CM  t* 

CM 

CM  SO  so  HS  O 

13 

o oo 
fe  C5 

o 

CO  SO  CO  Tj( 
OO  CO  00  CO 

CO 

SO 

j 

sp  -^r  Ip  sp  CM 
CO  CO  00  SO 

j 

w 

Ph 

I— 1 f-H 

O 

f-H 

CO 

OS 

© CO 

f-H  I I i— i 

CO 

SO 

© 

CM 

CO  * * SO 

o 

f-H 

c 

© 

ts  CO 
© • 

CO 

so  OS  Cp  CO 

CM 

OS 

OS  O CO  o o 

•d 

•— j 

o 

CM 

CM  CO  CO  O 

SO 

O i— l CM  CM  CM 

o 

> 

S-.  ^ 

SO 

CO  CM  CO  CO 

CO 

CM 

co  n co  tc 

Ph 

+3 

OS  »<0  O 

SO 

SO  OO 

CO 

OO  os  os  . 

CO 

•H<  >0  - • | 

"rt 

3 

CJ  • 

t,  os 

CO  • 

SO 

: 

o co  • • • 

© N 
Gh 

oo 

OO  DON 

oo 

OS 

c 

o 

o 

C 

f-H 

12 

'ri 

© 

-g 

s 

fcJO 

© ! 
Pi  # 
© 

&h 

<x>  »o  : ; ; 

O so  * * • 

H 

£ c* 

SO 

SO 

1 

ii 

rt 

! 

S© 

£«> 

oo 

© 

oo  p ; ; ; 

Oh  ‘ • 1 

Ph 

ci 

P 

3 •** 

so 

CM  SO  ^ CO 

o 

»o 

CO  OO  CO 

goo 

oo 

<p  OS  ^ CO 

Mp 

OS 

O 0O  OO  Ip  CO 

5 

(H  OO 

df< 

tnU3  SO 

CO 

oo 

SO  so  O0  O O 

Q 

£ 

J- 

i 

-t-j 

a tji 

OO 

OO  CS  CO  CO 

CM 

o 

NiQOOrH 

SP 

N 

CM  so  CO  Cl 

00 

CO 

fp  CM  Jp 

c 

4 

^ os 

oo  cd  t-»  to 

© 

co  c co  sr.  k 

as 

m 

Ph 

Sh 

J"H 

’o 

-5 

* 

_ 

3 • • • 

1* 

• 

’o 

go  oo 

'o 

c 

g c c c 

o 

c3 

P= 

o 

a * ps  £ 

l°°° 

S: 

© 

g 

C* 

6 

U 

g 

o 

-S2 

O ,0  ,0 

g , 

3 

s 

5 

*4-H 

0> 

3 

o 

X 

ca 

3 

t: 

o 

T3 

o 

5 

^ ^ ^ ^ 

4-S 

l [5 

n 

B 

c3 

o 

.2 

o 

h 

1 

c: 

H CM  CO  H CM 

6 o 6 6 o 

"3 

so 

& fc  ^ yA  'A 

P 

Ph 

o 

W 

o 

rO 

- ^ - r 

« -S 

c 

> 

r— — < 

o c 

2 

© ‘o 

iS  ‘S 

-3  t3 

00  - P 00  - 

’o 

‘o 

o 0) 

(D  © 

a 

-O  .o 

h3 

7^  77h  50  ^ 

‘o 

o 

co  So 

o 

<u 

° ° <= 

(h 

OS  c 

0 

«o 

C 

cs 

w 

C 

o « £ o 

o 

H-> 

cc 

o 

w 

•ti  5s 

X ^ ; o ~ 

k-H 

3 

efi  e3  o O 

PJ^PhU 

cj 

o 

d 

^ e 

CH. 


XY 


NITRATED  OILS 


153 


Tung  oil1  and  also  fish  oils  have  been  subjected  to  the  same  treat- 
ment on  a large  scale,  but  hitherto  the  products  so  obtained  have 
not  found  practical  application.  The  material  prepared  by  saturat- 
ing fibrous  material  with  fish  oils,  and  subjecting  the  mass  to  treat- 
ment with  sulphur  chloride,  was  known  under  the  fancy  name 
“ volenite.”  2 

Claim  has  been  made  for  the  application  of  india-rubber  substi- 
tutes in  the  manufacture  of  dynamite  as  an  absorbent  (in  the  place  of 
kieselguhr).3  For  rubber  substitutes  prepared  from  “ nitrated  oils  ” 
see  below. 


VI.— NITRATED  OILS 
French — Huiles  nitrees.  German — Nitrierte  Ole. 

On  treating  linseed  oil  or  castor  oil  with  a nitrating  mixture, 
such  as  is  employed  in  the  manufacture  of  nitroglycerin — two  parts 
(by  weight)  of  concentrated  sulphuric  acid,  L845,  and  one  part  of 
nitric  acid,  specific  gravity  1*5 — “nitrated”  oils  are  obtained.4  The 
nitrated  oils  are  viscid  liquids,  heavier  than  water ; thus  the 
product  obtained  from  linseed  oil  has  the  specific  gravity  IT  12,  that 
from  castor  oil  IT 27.  The  nitrated  castor  oil  is  insoluble  in  carbon 
bisulphide.  The  composition  of  these  substances  is  not  yet  known ; 
they  contain  4 to  5 per  cent  of  nitrogen.  Samples  examined  by 
the  author  had  high  saponification  values,  varying  from  2 78 ’5 
to  286-5. 

The  most  prominent  property  of  these  products  is  that  of  forming 
homogeneous  compounds  with  nitro-cellulose.  Thus  a mixture  of  one 
part  of  nitrated  castor  oil  with  nine  parts  of  nitro-cellulose  yields  a 
product  resembling  ebonite. 

Solutions  of  these  compounds  in  acetone  are  used  as  varnishes,  as 
a basis  for  paint,  and  for  enamelling  leather. 

By  heating  “nitrated  oils”  to  130°  C.,  or  by  oxidising  them  with 
lead  peroxide,  rubber-like  substances  are  obtained.5 

1 A salve-like  substance  obtained  by  heating  tung  oil  with  0"5-10  per  cent  of  sulphur 
until  a clear  solution  results,  is  patented  by  Alexander,  German  patent  137,340. 

2 Cp.  also  Scammell  and  Muskett,  English  patent  21,229,  1901  ; French  patent 
319,074  ; and  United  States  patent  724,618. 

3 German  patent  110,621. 

4 W.  F.  Reid,  Journ.  Soc.  Chem.  Ind.  1899,  972.  Reid  and  Earle,  English  patent 
21,995,  1895  ; Velvril  Company,  German  patent  103,726. 

5 Velvril  Company,  Limited,  and  Howkins,  English  patent  13,306,  1903  ; German 
patent  168,359.  Cp.  also  English  patent  27,202,  1903. 
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VII.— SULPHONATED  OILS,  TURKEY-RED  OILS1 

French — Huiles  sulfontes , Huiles  pour  rouges  turc.  German — Sulphonierte 
Ole,  Tiirkischrotble.  Italian — Olii  sulfonici  ; Olii  per  rosso  turco. 

The  action  of  concentrated  sulphuric  acid  on  oils  and  fats  has 
been  explained  already  (Vol.  I.  Chap.  I.).  This  reaction  is  employed 
on  a large  scale  in  the  manufacture  of  Turkey-red  oils. 

Turkey-red  oil  is  a fatty  substance  used  in  the  preparation  of 
the  cotton  fibre  for  dyeing  and  printing  Turkey -red.  The  part 
which  the  Turkey -red  oil  plays  is  not  fully  understood  yet ; 
opinions  differ  as  to  whether  it  exercises  a physical  or  a chemical 
action.  The  advocates  of  the  former  explanation  assume  that  the 
oil  protects  the  lake  formed  on  the  fibre,  much  as  boiled  linseed  oil 
serves  to  protect  a painted  surface.  The  supporters  of  the  chemical 
theory  hold  that  the  Turkey-red  oil  combines  with  alumina  and  finally 
with  the  colouring  matter  to  form  a compound  lake.  In  those  cases, 
however,  where  chemical  combination  with  formation  of  a lake  is 
excluded  on  account  of  the  chemical  constitution  of  the  colouring 
matter,  the  physical  theory  appears  to  commend  itself.  Thus  the 
Turkey-red  oil  is  not  a mordant  proper,  but  acts  as  a fixing  agent 
in  so  far  as  it  imparts  to  the  dyed  fabric  a better  and  superior  lustre, 
which  does  not  belong  to  the  unoiled  fibre.  The  sulphonated  oils 
would  appear  to  the  author  to  be  absorbed  by  the  fibre  in  the  same 
manner  as  glycerin  (from  soft  soaps)  is  fixed  on  the  fibre. 

Before  the  process  of  sulphonating  castor  oil  was  discovered, 
rancid  olive  oil  (see  Vol.  II.  “Olive  Oil”)  was  used  as  a Turkey-red 
oil.  At  present  Turkey-red  oil  is  prepared  by  allowing  concentrated 
sulphuric  acid  to  run  into  castor  oil  slowly  with  constant  stirring, 
taking  care  that  the  temperature  of  35°  C.  is  not  exceeded.  If 
necessary,  the  mass  must  be  cooled,  for  secondary  reactions  take 
place  at  temperatures  above  35°  C.  with  liberation  of  sulphurous 
acid.  The  product  is  then  mixed  with  a small  quantity  of  water  and 
the  dilute  acid  allowed  to  settle  out.  The  lower  layer  is  drawn  off 2 
and  the  oil  washed  with  a solution  of  Glauber's  salt,  until  the  washings 
are  only  slightly  acid.  Finally  ammonia  is  added,  until  a sample 
gives  a clear  solution  with  a small  quantity  of  water.  Some  manufac- 

1 Fremy,  Ann.  de  Phys.  et  de  Chim.  65.  121  ; Annalen,  19.  296  ; 20.  50.  Miiller- 

Jacobs,  Journ.  Soc.  Chem.  Ind.  1884,  257  ; 412.  1885,  18  ; 21  ; 115.  Liechti  and 

Suida,  Journ.  Soc.  Chem.  Ind.  1886,  662.  H.  Schmid,  Dingl.  Polyt.  Journ.  254.  346. 
Sabanejeff,  Berichte,  19,  Ref.  239.  M.  and  A.  Saytzeff,  Berichte,  19,  Ref.  541.  Benedikt 
and  Ulzer,  Journ.  Soc.  Chem.  Ind.  1887,  543  ; 1888,  328.  Geitel,  Journ.  f.  prakt.  Chem. 
1888,  53.  Lochtin,  Journ.  Soc.  Chem.  Ind.  1890,  498.  Scheurer-Kestner,  Journ.  Soc. 
Chem.  Ind.  1891,  471  ; 555.  Wilson,  Journ.  Soc.  Chem.  Ind.  1891,  26  ; 1892,  495. 
Juillard,  Journ.  Soc.  Chem.  Ind.  1892,  355  ;•  1893,  528  ; 1894,  820.  Wolff,  Chem.  Revue, 
1897,  103  ; Herbig,  F drier -Zeitung , 1902,  277  ; 1904,  21,  38.  Zeit.f.  Farbenindustrie, 
1907,  169  ; 185.  v.  Niederhausen,  Bull.  Soc.  Ind.  Mulhouse,  1902,  72,  389.  Erban 
and  Mebus,  Zeits.  f.  Farbenindustrie , 1907,  169,  185  ; 1908,  312,  317  ; Zeit.  f.  angew. 
Chem.  1909,  55. 

2 Any  glycerin  that  has  been  set  free  is  contained  in  this  layer.  Cp.  French  patent 
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turers  use  soda  instead  of  ammonia,  or  a mixture  of  ammonia 
and  soda.  Since  the  sulphonated  oil  is  not  completely  neutralised 
by  alkali,  the  resultant  product  still  possesses  a strong  acid  reaction. 

The  sulphonated  oil,  as  obtained  by  the  treatment  with  concen- 
trated sulphuric  acid,  can  be  resolved  into  two  portions  by  dissolving 
it  in  ether,  washing  writh  brine  until  it  is  free  from  sulphuric  acid, 
and  then  shaking  out  repeatedly  with  water.  On  treating  the  united 
aqueous  solutions  with  sodium  chloride  the  water-soluble  'portion 
separates  as  an  oily  layer.  On  evaporating  off  the  ether  from  the 
ethereal  solution  the  water-insoluble  portion  is  obtained. 

Benedikt  and  Ulzer  stated  that  the  water-soluble  portion,  in  the  case 
of  a Turkey-red  oil  prepared  from  castor  oil,  consists  of  ricinoleo- 
sulphuric  acid  (see  Yol.  I.  Chap.  III.  “Ricinoleic  Acid”). 

This  acid  is  miscible  wTith  wTater  in  all  proportions ; the  aqueous 
solutions  lather  like  ordinary  soap  solutions.  From  these  solutions 
the  ricinoleo-sulphurie  acid  is  precipitated  as  a heavy  oily  layer  by 
brine,  moderately  dilute  sulphuric  acid,  or  hydrochloric  acid. 

By  adding  salts  of  calcium,  barium,  aluminium,1  lead,  copper, 
etc.,  to  the  solution  of  the  acid,  viscous  precipitates  are  obtained. 
Hence  hard  water  is  liable  to  produce  insoluble  lime  soaps,  which 
settle  on  the  dyed  fibre  and  cause  stains  and  streaks.  On  boiling 
the  aqueous  or  alkaline  solutions  of  ricinoleo  - sulphuric  acid,  the 
acidic  portion  remains  intact.  If,  however,  the  free  acid  be  boiled 
with  dilute  hydrochloric  or  sulphuric  acid  it  is  readily  decomposed 
into  ricinoleic  and  sulphuric  acids. 

According  to  Wagner2  the  fatty  acid  obtained  by  boiling 
sulphoricinoleic  acid  with  dilute  acids  does  not  solidify  at  - 18°  C., 
forms  gelatinous  alkali  salts,  and  an  amorphous  lead  salt  which  is 
insoluble  in  ether,  whereas  ricinoleic  acid  solidifies  completely  at 
- 6°  to  - 10°  C.,  yields  crystalline  alkali  salts,  and  a crystalline  lead 
salt  which  is  readily  soluble  in  ether.  In  Wagner’s  opinion  a new 
acid  is  obtained  which  he  considers  to  be  a dihydroxylated  fatty  acid, 
formed  according  to  the  following  equation  : — 

Ci8H33 . 020S03H  + H20  = C18H33020  . OH  + S02  + H20. 


In  view  of  the  observations  made  by  Griin  on  the  dihydroxystearic 
acid  occurring  in  Turkey-red  oil  (see  Yol.  I.  Chap.  III.  “Ricinoleic 
Acid  ”)  this  statement  must  be  accepted  with  reserve  (see  Appendix). 

The  water-insoluble  portion  of  castor  Turkey -red  oil  consists  chiefly 
of  free  ricinoleic  acid  and  small  quantities  of  neutral  (unacted  on)  oil, 
and  very  likely  also  of  anhydrides  of  ricinoleic  acid  (cp.,  however, 
Bogajewsky , below). 

Scheurer-Kestner  is  of  the  opinion  that  castor  Turkey-red  oil  consists 
of  a mixture  of  ricinoleo-sulphurie  acid,  and  of  monoricinoleic  and 
diricinoleic  acids,  the  occurrence  of  the  last-named  two  acids  being 
due  to  polymerisation  of  free  ricinoleic  acid. 

1 It  may  be  mentioned  here  that  Scheurer  ( Journ . Soc.  Cliem.  Ind.  1893,  1025)  pro- 
posed metallic  sulpholeates — aluminium  sulpholeate  especially — as  mordants  for  steam 
colours.  2 Zeit.  f Farbenindvstrie,  1908,  284. 
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According  to  Juillard,  polymerisation  proceeds  further,  giving  rise 
to  the  formation  of  di-,  tri-,  tetra-,  and  penta-ricinoleic  acids,  an 
opinion  at  variance  with  the  views  of  Scheurer-Kestner , who  maintains 
that  polymerisation  extending  beyond  the  formation  of  the  di-acid  is 
due  to  a secondary  action  of  hydrochloric  acid,  liberated  on  washing 
the  product  with  brine  instead  of  Glauber's  salt.  In  Juillard' s opinion 
castor  Turkey-red  oil  is  a mixture  of  varying  proportions  of  poly- 
ricinoleic  acids,  of  alkali  salts  of  mono-  and  poly-ricinoleo-sulphuric 
acids,  of  anhydrides  of  the  latter  acids,  and  of  their  products  of 
decomposition1  (cp.  also  Vol.  I.  “ Ricin oleic  Acid”). 

Bogajewsky 2 is  of  the  opinion  that  the  action  of  concentrated 
sulphuric  acid  (J  to  3 parts  of  S04H2)  on  castor  oil  takes  place  in 
the  following  three  stages  : — 

(1)  Free  ricinoleic  acid  is  formed  according  to  the  following 
equation  : — 


C3H5[Cl7H32(0H).C02]a 


/OH 


The  products  of  the  interaction  are  completely  saponified  by  half- 
normal alcoholic  potash. 

(2)  The  products  formed  in  the  second  stage  can  no  longer  be 
completely  saponified  by  means  of  half-normal  alcoholic  potash ; the 
acid  number  of  the  product  is  decreased,  in  consequence  of  the 
sulpho-groups  exchanging  places  with  the  hydrogen  of  the  hydroxyl- 
groups,  thus — 


(C1VH32[0H]C02)2C3H5(0.  S02 . OH)  + S04H2  = 

(C17H32 . [0S020H]C02)2C3H5 . OH  + H20. 

In  aqueous  solution  partial  dissociation  takes  place  on  standing ; in 
alcoholic  solution  partial  esterification  occurs. 

The  dissociation  in  the  one  case  and  the  esterification  in  the 
other  increase  as  the  proportion  of  sulphuric  acid  and  the  tempera- 
ture rise. 

(3)  In  the  third  stage  the  acid  value  decreases  whilst  the  saponi- 
fication value  increases,  the  poly-ricinoleic  compounds  described  by 
Juillard  being  formed. 

On  treating  the  product  obtained  in.  the  second  phase  with  30  to 
50  parts  of  water,  the  acid  value  increases  to  a maximum  and  then 
falls  again ; the  maximum  occurs  when  two  hydroxyl  groups  have 
become  free.  On  boiling,  the  triglyceride  is  almost  completely  hydro- 
lysed with  formation  of  ricinoleic  and  sulphuric  acids. 

In  the  manufacture  of  the  normal  commercial  Turkey-red  oil  the 
interaction  of  acid  and  oil  is  interrupted  before  the  second  stage  has 
reached  completion.  The  commercial  product  contains,  therefore, 
chiefly  the  following  substances  : — (a)  in  the  water-soluble  portion, 
ammonia  (or  soda)  salts  of  the  acids — (HO  . S02  . OCl7H32 . C02) 
(HO . Cl7H32 . C02) . C3H5 . (OH),  and  HO . Cl7H32 . C02H  ; (b)  in  the 

1 Journ.  Soc.  Chem.  Ind.  1894,  820.  2 Chan.  Centralblatt,  1897,  ii.  335. 
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etlier-soluble  portion,  unchanged  castor  oil  and  salts  of  the  mixed  castor 
oil  fatty  acids. 

Besides  castor  oil,  other  fatty  oils  (such  as  olive  oil,  arachis  oil, 
cotton  seed  oil,  etc.)  have  been  and  still  are  used  for  the  production 
of  Turkey-red  oils. 

Benedikt  expressed  the  view  that  castor  Turkey-red  oil  cannot  be 
replaced  by  the  oils  named,  because  by  treating  them  with  sulphuric 
acid  saturated  hydroxylated  acids  and  their  sulphuric  esters  are 
formed,  whereas  castor  Turkey-red  oil  still  consists  of  unsaturated 
fatty  acids.  Benedikt , therefore,  ascribed  the  superior  effect  of  castor 
oil  to  the  oxidisability  of  the  castor  Turkey-red  oil  fatty  acids. 

This  statement  has,  however,  not  been  supported  by  experiments. 
Its  correctness  is  doubtful  in  view  of  the  fact  that  the  castor  oil  fatty 
acids  are  not  readily  oxidised  by  blowing  (cp.  Yol.  II.  Chap.  XI Y. 
“Castor  Oil”).  Moreover,  Schmitz  and  Tonges 1 have  prepared  a 
Turkey -red  oil  by  mixing  oleic  acid  with  sulphuric  acid  and  heating 
the  product  to  105°-120°  C.  According  to  statements  of  Werner 2 
this  oil  is,  in  certain  cases,  superior  to  castor  Turkey-red  oil.3 

The  chemistry  of  Turkey-red  oils  still  requires  further  elucidation 
by  experiments.  Evidently  reactions  similar  to  those  taking  place 
in  the  “acid  saponification  process”  (cp.  Yol.  I.  Chap.  II.;  cp.  also 
below)  occur.  It  may  be  added  that  Geitel  (Yol.  I.  Chap.  III.  “ Oleic 
Acid  ”)  has  proved  the  presence  of  stearolactone  and  of  the  anhydride 
of  the  ordinary  hydroxy -stearic  acid  in  Turkey-red  oil  prepared  from 
oleic  acid. 

The  commercial  Turkey -red  oils  are  viscous,  transparent  fluids. 

Since  the  chemical  composition  of  a Turkey-red  oil  depends  on 
the  mode  of  manufacture,  on  the  amount  of  sulphuric  acid  employed, 
and  on  the  raw  material  used,  the  commercial  products  vary  in  their 
composition. 

The  commercial  examination  of  a Turkey-red  oil  divides  itself  into 
two  parts,  viz.  (1)  the  practical  examination,  and  (2)  the  chemical 
examination. 

(1)  Practical  Examination. — The  sample  should  give  a complete 
emulsion  with  ten  volumes  of  water.  In  practice  the  test  is  per- 
formed by  first  mixing,  in  a graduated  cylinder,  one  measure  of  oil 
with  a little  warm  water  (with  which  the  oil  forms  a clear  solution). 
Then  water  is  added  gradually  until  ten  measures  have  been  intro- 
duced. The  appearance  of  the  sample  is  then  compared  side  by 
side  with  an  emulsion  prepared  with  a sample  of  known  purity  in 
exactly  the  same  manner.  No  oily  drops  should  separate  after 
standing  for  a short  time.  An  adulterated  product  may  be  recognised 

1  Journ.  Soc.  Chem.  Ind.  1892,  827,  German  patents  60,579  and  64,073. 

2  Ibid.  1893,  40. 

3  Cp.  also  Herbig,  Fdrber-Zeitung,  1902,  277  ; 1904,  24,  38. 
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at  this  stage  by  not  giving  a clear  solution  with  a small  quantity  of 
hot  water,  as  also  by  a darker  colouration  than  that  observed  in  the 
case  of  a pure  oil.  The  emulsions  should  show  a slightly  acid  re- 
action to  litmus  paper.  In  case  the  emulsion  be  neutral  or 
alkaline,  acetic  acid  is  added,  drop  by  drop,  until  both  samples  show 
approximately  the  same  acidity. 

The  most  important  test  consists  in  dyeing  cotton  prepared 
with  the  oil.  The  sample  dyeing  is  carried  out  in  the  following 
manner  : — Two  pieces  of  cotton  of  equal  size  are  treated  with  the 
sample  and  with  a standard  oil  respectively  by  allowing  them  to 
soak  in  an  emulsion  prepared  from  1 part  of  oil  and  15-20  parts  of 
water.  After  drying,  the  fabric  is  mordanted  with  alum  and  dyed 
in  alizarin,  or  paranitro-aniline  red  is  printed  on.  The  samples  are 
then  brightened  by  soaping  and  finished  in  the  usual  manner.  The 
practical  test  will  only  be  resorted  to  by  a works’  chemist,  or  by  an 
analyst  who  has  special  experience  in  that  branch  of  work. 

(2)  Chemical  Examination.  — Turkey -red  oil  is  valued  on  the 
amount  of  total  fatty  matter  in  the  sample.  This  comprises  the 
water-insoluble  portion  obtained  on  adding  a mineral  acid  to  the  oil 
(whereby  fatty  acids,  hydroxy  acids,  and  neutral  oil  are  separated), 
as  also  the  hydroxylated  acids  obtained  on  decomposing  the  soluble 
sulphuric  esters  of  the  fatty  acids. 

The  total  fatty  matter  may  be  determined  by  Benedikt’s  method.1 

About  4 grms.  of  the  sample  are  weighed  off  accurately  in  a 
porcelain  basin,  and  20  c.c.  of  hot  water  are  added  gradually ; should 
the  liquid  be  turbid,  ammonia  is  run  in  until  the  solution  is  slightly 
alkaline  to  phenolphthalein.  A clear  solution  will  thus  be  obtained. 
15  c.c.  of  dilute  sulphuric  acid,  prepared  from  equal  measures  of 
concentrated  sulphuric  acid  and  water,  are  next  run  in,  and  an 
accurately  weighed  quantity  of  paraffin  wax,  about  10  grms.,  is  added. 
The  mixture  is  heated  until  a clear  fatty  layer  has  separated  on  the 
top.  After  cooling,  the  solidified  cake  is  treated  in  the  same  manner 
as  that  described  under  “ Soap  Analysis,”  and  is  then  weighed. 

The  following  rapid  process,  due  to  Finsler , and  recommended  by 
Breinl,2  is  largely  employed  in  continental  practice  : — 30  grms.  of 
the  sample  are  weighed  off  accurately,  rinsed  with  about  70  c.c.  of 
hot  water  into  a 200-c.c.  flask,  the  neck  of  which  is  graduated  in  4-  or 

c.c.  ; 25  c.c.  of  sulphuric  acid  of  specific  gravity  1‘563  (52°  BA) 
are  added,  and  the  mixture  is  heated  to  boiling  with  frequent 
shaking  until  the  fatty  matter  forms  a clear,  transparent  layer.  A 
hot  concentrated  solution  of  common  salt,  or  Glauber’s  salt,  is  next 
added  carefully  to  bring  the  separated  layer  of  fat  into  the  neck  of 
the  flask.  After  half  an  hour’s  standing  the  volume  of  fatty  matter 
is  read  off;  the  number  of  c.c.  multiplied  by  3*33  corresponds  to  the 
total  fatty  matter  expressed  in  per  cents.  Since,  however,  the 
specific  gravity  of  the  fatty  matter  is  below  1 (usually  0*945),  a 
correction  should  be  made. 

The  total  fatty  matter  thus  found  is  less  than  the  sulphonated 

1 Zeitsch.  f.  angew.  Chem.  1887,  325.  2 Journ.  Soc.  Chem.  Ind.  1889,  573. 
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oil  dissolved  in  the  water  by  the  amount  of  sulphuric  acid  split  off 
on  boiling  with  hydrochloric  acid. 

In  addition  to  the  total  fatty  matter  the  amount  of  (a)  neutral 
oil,  (6)  sulphonated  fatty  acids,  (c)  ammonia  or  caustic  soda,  and 
(i d ) sulphuric  acid  may  be  estimated. 

(a)  Neutral  Fat. — 30  grms.  of  the  sample  are  dissolved  in  50  c.c. 
of  water;  20  c.c.  of  ammonia  and  30  c.c.  of  glycerin  are  added,  and 
the  mixture  is  exhausted  twice  with  ether,  using  100  c.c.  for  each  ex- 
traction. The  ethereal  solution  is  then  washed  with  water  to  remove 
small  quantities  of  dissolved  soap,  and  the  ether  is  evaporated  off. 
The  residue  is  transferred  to  a small  tared  beaker,  dried  at  first  on 
the  water-bath,  then  at  100°  C.,  and  weighed. 

(b)  Sulphonated  Fatty  Acids. — 4 grms.  of  the  sample  are  boiled 
in  an  Erlenmeyer  flask  with  30  c.c.  of  dilute  hydrochloric  acid  (1:5) 
for  40  minutes,  with  frequent  shaking.1  After  cooling,  the  liquid 
is  transferred  to  a separating  funnel,  and  shaken  out  with  ether  to 
extract  the  fatty  matter.  The  aqueous  layer  is  drawn  off  and  the 
ethereal  layer  washed  with  water.  The  washings  are  united  with 
the  main  aqueous  portion,  and  the  sulphuric  acid  determined  by  pre- 
cipitation with  barium  chloride.  From  the  amount  thus  found  the 
quantity  of  sulphuric  acid,  as  determined  under  ( d ) (see  below), 
is  subtracted  and  the  difference  calculated  to  sulpho-ricinoleic  acid 
(80  parts  of  S03  correspond  to  378  parts  of  ricinoleo-sulphuric  acid 

£l8H33°2-°-S03H> 

(c)  Ammonia  or  Caustic  Soda. — 7 to  10  grms.  of  the  sample 
are  dissolved  in  a little  ether,  and  shaken  four  times  with  dilute 
sulphuric  acid  (1  : 6),  using  5 c.c.  each  time. 

To  determine  ammonia,  the  acid  liquid  is  distilled  with  caustic 
potash  in  the  well-known  manner,  and  the  ammonia  received  in  an 
accurately  measured  quantity  of  standard  acid. 

To  estimate  caustic  soda  the  acid  liquid  is  concentrated  in  a 
platinum  dish  on  the  water-bath,  and  the  excess  of  sulphuric  acid 
driven  off  by  heating  on  the  sand-bath ; the  residue  is  mixed  with 
ammonium  sulphate,  ignited,  and  the  sodium  sulphate  weighed. 

(d)  Sulphuric  Acid. — The  quantity  of  sulphuric  acid  present  in 
the  form  of  ammonium  or  sodium  sulphate  is  found  by  dissolving  a 
weighed  quantity  of  the  sample  in  ether  and  shaking  it  several  times 
with  a few  c.c.  of  concentrated  brine,  free  from  sulphate.  The 
several  washings  are  united,  diluted,  filtered,  and  the  filtrate  pre- 
cipitated with  barium  chloride. 

The  method  for  the  detection  of  iron  in  Turkey-red  oils  has  been 
described,  Yol.  I.  Chap.  IY. 

In  view  of  the  many  attempts  that  are  being  made  to  substitute 
for  castor  oil  other  oils,2  and  in  view  of  the  many  substitutes  that  are 
actually  met  with  in  commerce,  it  is  frequently  necessary  to  deter- 

1 Cp.  Herbig,  Chem.  Revue , 1902,  5. 

2 Erban  and  Mebus,  Zeit.  f.  Farbeninduslrie,  1907,  169,  135  ; 1908,  317. 
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mine  the  nature  of  the  oils  used  in  the  manufacture  of  a sample  of 
Turkey-red  oil. 

Of  the  greatest  importance  in  the  examination  is  the  determina- 
tion of  the  acetyl  value.  Castor,  having  the  highest  acetyl  value  of 
all  oils  known,  will  be  thus  readily  identified. 

An  acetyl  value  of  125  or  above  will  point  to  pure  castor  oil ; in 
case  other  oils  have  been  used,  lower  values  will  be  obtained. 

A sample  of  a genuine  castor  Turkey-red  oil  examined  in  the 
author’s  laboratory  gave  the  following  result : — 

Per  cent. 

Total  fatty  matter  . . . . 40*1  1 

Unsaponifiable  . . . . 0*15 

The  examination  of  the  fatty  matter  obtained  by  saponification 
led  to  the  following  numbers  : — 


Specific  gravity  at  15°  C.  . . 0*9449 

Iodine  value . ....  82’1 

Acid  value  . . . . 174*3 

Saponification  value  ....  189 ‘3 

Acetyl  value . ....  126*9 


Lane  2 bases  another  method  on  the  fact,  ascertained  by  him,  that 
lead  ricinoleate  is  practically  insoluble  in  low  boiling  petroleum  ether. 
Lane  proceeds  as  follows 3 to  3 5 grms.  of  the  “total  fatty 
matter,”  as  obtained  above,  are  saponified  with  alcoholic  potash  and 
converted  into  lead  soap  in  the  manner  described,  Vol.  I.  Chap.  VIII. 
The  lead  soap  is  boiled  out  repeatedly,  under  a reflux  condenser, 
with  low  boiling  petroleum  ether,  and  the  solutions  are  poured  off 
into  a 500-c.c.  flask  or  cylinder.  Altogether  200  to  225  c.c.  of 
petroleum  ether  are  used.  The  solution  is  diluted  to  nearly  500  c.c. 
with  petroleum  ether  of  boiling  point  28-30°  C.,  boiled  for  one  minute, 
cooled,  made  up  to  500  c.c.,  and  allowed  to  stand  overnight  in  a 
cool  place,  when  the  insoluble  lead  ricinoleate  settles  out  completely. 
250  c.c.  of  the  solution  are  drawn  off  (or  filtered  off,  if  necessary), 
distilled  down  to  75-80  c.c.,  and  decomposed  with  10  c.c.  of  10  per 
cent  acetic  acid  in  a separating  funnel.  The  solution  of  fatty 
acids  in  the  petroleum  ether  is  washed  with  water  until  the  washings 
are  neutral  to  phenolphthalein.  The  petroleum  ether  is  evaporated 
off  and  the  residue  dissolved  in  50  c.c.  of  neutralised  alcohol  and 
titrated  with  decinormal  soda.  The  alkali  is  calculated  to  oleic  acid  ; 
the  percentage  divided  by  80  is  said  to  give  the  amount  of  oils  other 
than  castor  oil.  The  quantity  of  castor  oil  is  found  by  difference. 
The  factor  80  is  chosen,  as  most  of  the  oils  used  as  castor  oil  sub- 
stitutes contain  about  80  per  cent  of  liquid  acids.  If  the  admixed 

1 The  highest  priced  Turkey-red  oils  contain  about  50  per  cent  of  total  fatty  matter. 
It  should  be  noted  that  some  manufacturers  refer  the  guaranteed  percentages  (35,  40, 
50)  to  the  amount  of  “sulphonated  fatty  acids.” 

2 Journ.  Soc.  Chem.  Incl.  1907,  597. 
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oil  can  be  identified,  its  true  percentage  of  liquid  acid  should  be 
substituted  for  80. 

The  accuracy  obtainable  by  this  method  may  be  illustrated  by 
Lane’s  results,  reproduced  in  the  following  table  : — 


Used. 

Castor  Oil  found.  j 

Castor  oil,  50  parts  ; olive  oil,  50  parts 
„ ,,  70  ,,  ; ,,  ,,  30  ,, 

,,  ,,  85  ,,  ; ,,  ,,  15  „ 

>)  j)  85  ,,  ; ,,  ,,  Id  ,, 

. 47  "83  per  cent 
69-96  ,,  ,, 

84-57  ,,  ,, 

84-45  ,,  ,,  | 

The  defect  inherent  to  Turkey-red  oils  prepared  as  described 
above,  namely,  that  of  giving  rise  to  the  formation  of  insoluble  lime 
and  magnesia  soaps  with  hard  water,  is  obviated — at  any  rate  to  some 
extent — by  introducing  some  modifications  of  the  usual  process. 

A product  of  this  kind  is  the  sulpho-ricinoleate  obtained  by 
neutralising  the  product  of  the  reaction  of  sulphuric  acid  on  castor 
oil  with  an  alkali,  without  washing  out  the  free  sulphuric  acid.1  Hence 
this  soap  (“  sulpholeate  of  sodium  ”)  contains  considerable  quantities 
of  sodium  sulphate,  and  is  much  richer  in  fatty  matter  than  the 
Turkey-red  oils  prepared  by  the  process  described  above  (p.  154). 
Another  class  of  oils  of  this  kind  are  those  which  represent  a mixture 
of  hydroxy  acids  (“  oxyoleates  ”)  with  sulphonated  castor  oil.2  They 
are  prepared  by  sulphonating  castor  oil  or  other  oils,  or  oleic  acid, 
etc.,  with  sulphuric  acid  in  the  usual  manner  and  boiling  the  washed 
product  with  water  in  an  open  vessel,  until  the  sulpho-compounds  are 
decomposed  with  formation  of  hydroxy  acids  (just  as  the  total 
fatty  matter  is  prepared  for  the  chemical  examination).  These 
hydroxy  acids  are  then  mixed  in  various  proportions  with  castor  oil, 
and  the  mixture  is  heated  from  40°  to  100°  0.  The  mixture  is  then 
allowed  to  cool,  and  sulphonated  with  sulphuric  acid  in  the  same 
manner  as  in  the  manufacture  of  ordinary  Turkey-red  oil.  The 
product  is  then  washed  free  from  sulphuric  acid  and  treated  with 
alkali  until  a water-soluble  oil  is  obtained. 

It  is  difficult  to  understand  what  effect  the  heating  from  40°  to 
100°  C.  is  intended  to  produce.  The  inventor  seems  to  have  felt 
this  himself,  and  in  a further  patent 3 he  claims  as  an  improvement 
the  omission  of  the  heating  in  the  above  described  process. 

The  well-known  cleansing  properties  of  Turkey-red  oil  have  led 
to  its  application  for  the  lubricating  and  cleansing  of  wool  (see  above, 
p.  77),  as  also  to  its  use  as  a base  for  emulsified  oils  (p.  90)  and 
textile  soaps  (see  below,  “ Textile  Soaps  ”). 

1 Stockhausen,  German  patents  113,433,  126.541,  159,220,  169,930  ; English  patent 
21,280,  1908  ; L.  E.  Common  and  Hull  Oil  Manufacturing  Co.,  English  patents  23,768, 
1906  ; 16,969,  1907  (cp.  p.285). 

2 A.  Schmitz,  French  patent  376,555  ; English  patent  8245,  1907. 

a English  patent  11,903,  1907  ; French  patent  (first  addition  to  No.  376,555), 
No.  7908. 
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C. — INDUSTRIES  BASED  ON  THE  SAPONIFICATION  OF  OILS 

AND  FATS 

The  important  industries  which  are  based  on  the  hydrolysis 
(saponification)  of  oils  and  fats  comprise  the  manufacture  of  stearine 
candles,  soaps,  and  glycerin.  The  scientific  principles  which  underlie 
the  manufacture  of  these  products  have  been  fully  discussed,  from 
a theoretical  point  of  view,  in  Yol.  I.  Chap.  II.  In  this  section 
the  industries  founded  on  them  will  be  considered  from  a practical 
point  of  view.  Whereas  the  soap  industry,  like  many  of  the  older 
chemical  industries,  had  reached  a high  degree  of  development  on 
exclusively  empirical  lines,  long  before  its  scientific  foundation  was 
understood,  the  manufacture  of  stearine  candles  and  of  glycerin  are 
the  direct  outcome  of  the  scientific  researches  of  Chevreul. 


I. — CANDLE  INDUSTRY 

In  this  work  the  chief  attention  must  be  paid  to  the  manufacture 
of  stearine  candles ; other  materials  used  in  the  candle  industry,  such 
as  the  mineral  waxes,  can  therefore  only  be  considered  briefly.  The 
vegetable  and  animal  waxes  which  are  used  as  candle  material,  bees- 
wax, spermaceti,  etc.,  will  be  dealt  with  in  the  section  “ Technology 
of  Waxes.” 


STEARINE  CANDLES,  COMMERCIAL  “ STEARINE,” 
COMMERCIAL  STEARIC  ACID 

The  saponification  processes  at  present  employed  on  a manufactur- 
ing scale  in  the  stearine  candle  industry  are  as  follows  : — 

(1)  Aqueous  Saponification. 

(2)  Saponification  with  the  Assistance  of  Bases. 

(3)  Sulphuric  Acid  Saponification.  Acid  Saponification. 

(4)  The  Mixed  Process. 

(5)  Saponification  by  means  of  TwitclielVs  Reagent. 

A preparatory  treatment  of  the  fats  consists  in  freeing  them 
from  gross  impurities  by  sedimentation  or  by  filtration,  or,  if  need 
be,  by  treatment  with  dilute  acids.  Fournier  o,nd  Co.1  claim  that  a 
preliminary  heating  of  the  fats  to  110°-120°  C.  whilst  a current  of 
air  is  blown  through  for  a “ sufficiently  long  time  to  oxidise  energeti- 
cally ” is  beneficial  for  the  ready  hydrolysis  of  the  fats.  This  treat- 
ment is  intended  to  precede  in  processes  (2)  and  (3)  the  “auto- 
1 French  patent  339,385. 
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claving  ” and  the  “ acidification.”  In  the  fourth  process  this  treatment 
is  to  be  applied  after  the  acidified  mass  has  solidified. 


(1)  Aqueous  Saponification 

The  realisation  of  the  fundamental  equation  of  fat  hydrolysis — 

C3H5(OR)3  + 3H . OH  = C3H5(OH)3  + 3R . OH 

suggests  itself  to  the  candle-maker  as  the  ideal  process.  The  first 
attempt  to  work  such  a process  on  an  industrial  scale  was  made  by 
R.  A.  Tilghmann,1  whose  method  consisted  in  forcing  an  emulsion  of 
fat  and  water  through  a coiled  iron  tube  heated  in  a furnace  to  a 
temperature  of  about  330°  C.  This  process  was,  however,  soon 
abandoned  on  account  of  the  saponification  being  incomplete  and 
considerable  quantities  of  fatty  matter  being  destroyed.  The  efforts 
of  later  inventors  to  carry  out  the  hydrolysis  of  fats  in  an  autoclave 
by  means  of  water  have  met  with  greater  success.  From  the  table 
“Aqueous  Saponification  of  Neutral  Fats  under  Pressure,”  Vol.  I. 
Chap.  II.,  it  will  be  gathered  that  with  the  increase  of  the  pressure 
under  which  the  water  acts  on  the  glycerides,  or,  in  other  words,  with 
the  increase  of  temperature  of  the  heating  steam,  the  rate  at  which 
hydrolysis  takes  place  is  much  increased.  In  practice,  steam  at  a 
pressure  of  15  atmospheres  (equalling  about  220  lbs.  per  square  inch) 
and  corresponding  to  a temperature  of  about  200°  C.  is  capable  of 
effecting  hydrolysis. 

The  apparatus  working  on  a practical  scale  is  shown  in  Figs. 
10  and  1 1. 

Fig.  10  represents  Hughes ’ 2 apparatus,  which  the  author  saw  in 
operation  in  a Paris  candle-works.  The  fat  is  charged  into  the  auto- 
clave A,  about  30  per  cent  of  water  are  added,  and  steam,  generated 
in  a multitubular  boiler  at  a pressure  sufficiently  high  to  keep  up 
a working  pressure  of  15  atmospheres  in  the  apparatus,  is  sent  into 
the  autoclave.  The  steam  is  finely  divided  into  streamlets  by  a 
distributor  similar  to  the  one  shown  in  Fig.  12.  In  order  to  provide 
additional  security  (against  explosion)  beyond  that  afforded  by  the 
safety  valve,  and  in  order  to  agitate  the  mass  thoroughly,  a small 
amount  of  steam  is  allowed  to  escape  continuously  through  the  pipe 
E,  which  thus  serves  as  an  extra  safety  valve.  The  escaping  steam 
is  utilised  for  the  concentration  of  a glycerin  solution  charged 
(through  pipe  G)  into  vessel  B,  in  which  is  enclosed  a heating  coil 
connected  with  E,  the  condensed  water  escaping  through  valve  F, 
which  acts  as  a kind  of  steam  trap.  The  steam  evolved  from  the 
glycerin  solution  in  B serves  to  pre-heat  a dilute  glycerin  solution 
fed  into  vessel  C at  J.  In  consequence  of  the  high  temperature  em- 
ployed the  fatty  material  becomes  seriously  discoloured,  so  that  the 
fatty  acids  must  be  chiefly  worked  up  by  the  “ mixed  process  ” (p.  185). 
Moreover,  since  the  hydrolysis  of  the  fat  does  not  reach  so  high 
1 English  patent  47,  1854.  2 English  patent  6562,  1885. 
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a percentage  as  is  the  case  in  the  processes  described  under  (2),  a 
small  proportion  of  lime,  about  1 per  cent,  is  usually  added  to  the 
mass  in  the  autoclave.  Hence,  practically  speaking,  this  method 
approaches  very  nearly  those  described  under  “ Aqueous  Saponification 
with  the  Assistance  of  Bases.” 

It  has  been  shown  (Yol.  I.  Chap.  II.)  that  saponification  is 
accelerated  by  intimate  contact  of  the  reacting  masses.  In  Hughes’ 
autoclave  this  is  obtained,  as  pointed  out  already,  by  a portion  of 
the  steam  which  enters  the  autoclave  under  high  pressure  being 
allowed  to  escape  continuously.  In  order  to  produce  a still  more 
intimate  intermixture  Michel 1 designed  the  apparatus  shown  in 


Fig.  10. 


Fig.  11.  A pair  of  autoclaves  are  worked  conjointly.  They  are 
charged  through  the  pressure  vessel  A and  pipe  e with  fat  and  water. 
The  autoclaves  are  heated  by  fire,  and  as  the  pressure  rises  their 
contents  are  forced  up  (through  the  tubes  /,  which  reach  almost 
to  the  bottom  of  the  autoclaves)  into  the  top  of  the  mixing  vessel  C,. 
whence  the  mass  runs  back  again  into  the  autoclaves. 

Being  somewhat  cooled  in  C,  it  falls  to  the  bottom  of  the  auto- 
clave through  the  hot  mass  therein,  thus  contributing  to  the  thorough 
intermixing  of  the  fat  and  water.  This  play  repeats  itself  whilst  the 
pressure  on  the  autoclaves  is  kept  up  at  15  atmospheres  for  eight 

1 English  patent  8403,  1885  ; Journ.  Soc.  Chem.  Ind.  1886,  432.  Cp.  also 
Haehl,  German  patent  51,462,  1889. 
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hours.  The  hydrolysed  mass  is  then  forced  through  pipe  h into  the 
vessel  D,  in  which  separation  into  two  layers — an  upper  layer  of 
fatty  acids  and  a lower  layer  of  glycerin  water  (“  sweet  water  ”) — 
takes  place.  The  heating  of  the  autoclave  by  direct  fire  is,  however, 
a serious  disadvantage  of  the  process,  as  this  may  lead  to  the  burn- 
ing of  the  fat.  Therefore,  Michel’s  method  is  less  acceptable  than 
Hughes’.  The  autoclaves  were  shown  at  the  Paris  Exhibition  of 
1889,  but,  as  far  as  the  writer  is  aware,  the  process  has  not  been 
adopted  in  Europe. 

Since  the  pressure  and  the  temperature  of  steam  stand  in  a 
definite  relation  to  each  other,  it  follows  that  high-pressure  steam 


Fig.  11. 


may  be  replaced  by  superheated  steam  standing  under  ordinary 
pressure.  Hence  hydrolysis  should  become  feasible  by  treating  fats 
with  superheated  steam  at  a sufficiently  high  temperature.  A process 
based  on  the  hydrolysis  of  fats  by  means  of  steam  under  the  ordinary 
pressure  was  patented  as  early  as  the  year  1825,1  but  it  did  not  gain 
practical  importance  until  JFilson  and  Payne 2 took  out  their  patent 
for  “Improvements  in  distilling  fatty  and  oily  matters.”  In  their 
process  glycerides  were  heated  in  a still,  whilst  superheated  steam 
was  sent  through  the  fatty  mass,  the  temperature  of  which  was  kept 
between  550°  and  600°  F.  The  products  of  hydrolysis,  viz.  the 
fatty  acids  and  glycerol,  were  carried  over  by  the  water  vapours. 

1 English  patent  5183,  1825.  2 English  patent  1624,  1854. 
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The  apparatus  employed  was  similar  to  the  one  illustrated  in  Fig.  20. 
Although  this  process  was  worked  for  a number  of  years  it  has  been 
abandoned,  since  considerable  quantities  of  fatty  matter  underwent 
destruction. 

Lewkowitscli 1 endeavoured  to  render  this  mode  of  hydrolysing 
practicable  by  heating  the  fats  in  a current  of  superheated  steam  in 
vacuo.  This  process  also  proved  unremunerative,  and  has  therefore 
been  abandoned.  Essentially  the  same  process,  with  the  modification 
that  an  electric  current  is  sent  through  the  fats  or  that  a galvanic 
couple  is  fixed  inside  the  vessel,  has  been  patented  recently.2 

The  products  of  hydrolysis  obtained  in  Hughes’  and  Michel’s 
processes  are  treated  in  the  same  manner  as  those  obtained  in  the 
following  processes. 


(2)  Aqueous  Saponification  with  the  Assistance  of  Bases 

The  chemical  equation  symbolising  the  saponification  of  fats  by 
means  of  bases  has  been  given  Yol.  1.  Chap.  II.  It  has  also  been 
shown  there  that  in  order  to  effect  complete  saponification  in  an 
open  vessel,  a larger  quantity  of  bases  is  required  than  theory 
demands.  Indeed,  if  lime  be  used,  the  proportion  of  caustic  lime — 
CaO — must  be  1 2 to  1 4 per  cent  instead  of  the  theoretical  quantity 
of  9*7  per  cent. 

The  technical  process  based  on  the  saponification  of  oils  and  fats 
by  means  of  12  to  14  per  cent  of  lime,  and  leading  to  the  conversion 
of  the  total  fatty  acids  into  lime  soaps,  is  due  to  De  Milly.  The  fat 
is  churned  up  with  water  in  an  open  lead-lined  vat  by  means  of  live 
steam  sent  into  the  emulsion  through  an  open  coil ; whilst  the  mass 
is  kept  in  ebullition,  caustic  lime  previously  slaked  and  made  into  a 
thin  cream  is  gradually  introduced.  The  boiling  is  kept  up  until 
the  saponification  is  complete ; this  is  readily  recognised  by  the 
lime  soap  separating  from  the  water  in  a curdy  form.  The  glycerin 
water — -“sweet  water” — is  then  run  off;  the  still  soft  lime -soap  is 
washed  to  remove  occluded  glycerol,  and  is  then  decomposed  with 
sulphuric  acid.  In  the  older  methods  the  lime  soap  was  allowed  to 
cool,  when  it  settled  as  a hard  mass — “ rock  ’’—from  which  the 
supernatant  glycerin  solution  was  run  off.  This  hard  lime  soap 
was  then  washed,  reduced  to  powder  by  grinding,  and  decomposed 
with  sulphuric  acid,  when  the  calcium  was  precipitated  as  sulphate, 
whilst  the  liberated  fatty  acids  rose  to  the  top  as  a clear  oily  layer. — 
The  fatty  acids  and  the  glycerin — “ sweet  water  ” — are  worked  up  for 
candle  material  and  crude  glycerin,  as  .will  be  described  below. 

The  large  amount  of  lime  (and  consequently  the  large  amount  of 
sulphuric  acid)  required  in  this  process  renders  it  a very  costly  one, 
so  that  it  has  been  largely  superseded  by  methods  of  saponification 
1 English  patent  5985,  1888. 

3 E.  Tli.  B.  Simpson,  French  patent  364,587.  J.  Harvey  and  E.  Th.B.  Simpson, 
English  patents  26,917,  1905  ; 175,  1906.  Cp.  also  Magnier,  Bragnier,  and  Tissier, 
below  ; “Conversion  of  Oleic  Acid  into  Candle  Material.” 
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under  pressure  (see  below).  Still,  the  simple  and  inexpensive 
installation  required  for  the  operation,  and  the  ease  with  which  it 
can  be  carried  out,  combined  with  the  fact  that  the  fatty  acids  so 
obtained  yield  the  best  and  purest  candle  material,  have  been 
instrumental  in  keeping  this  process  alive,  especially  in  small  works. 

A modification  of  this  method  has  been  worked  out  during 
latter  years  by  Krebitz.1  The  saponification  with  lime  is  in  principle 
the  same  as  described  above,  with  this  difference,  however,  that  the 
fat  is  not  boiled  with  the  lime  until 
separation  of  the  lime  soap  takes 
place,  but  that  the  lime  water  is 
brought  into  a state  of  complete 
emulsion  with  the  oil  and  fat  at  a 
temperature  not  exceeding  100°  C. 

This  emulsion  is  then  allowed  to 
stand  overnight,  when  saponification 
takes  place  spontaneously,  and  a 
softish  mass  results  which  occludes 
the  water  introduced  with  the  lime 
and  the  glycerol  formed.  This  mass 
does  not  offer  as  much  difficulty  in 
grinding  as  the  “rock”  does.  The 
ground  lime-powder  is  then  washed 
free,  from  glycerol,  when  the  lime 
soap  is  ready  for  further  treatment. 

This  process  is  unsuitable  for  candle- 
works.  It  has  been  introduced  in 
some  small  continental  soap-works 
working  up  low-class  bone  fats,  where 
the  ground  lime  soap  is  converted 
into  soda  soap  by  double  decomposi- 
tion with  sodium  carbonate  solution 
(see  “ Soap  Manufacture  ”).  The 
chief  advantage  of  this  modification 
of  the  lime  saponification  process  lies 
in  the  fact  that*the  lime  soap  contains 
only  a moderate  amount  of  water,  is  very  porous,  and  therefore 
suitable  for  grinding  into  powder.  C.  Perrier 2 claims  to  obtain 
the  same  result,  enabling  the  operator  to  maintain  the  steam  at  a 
temperature  below  100°  C.,  by  carrying  out  the  saponification  in  an 
“ autoclave  ” under  a partial  vacuum. 

In  large  establishments  reasons  of  economy  render  a reduction  of 
the  proportion  of  bases  and  acid  imperative.  Such  reduction  is  possible 
through  treating  the  fats  with  milk  of  lime  in  an  autoclave  under 
pressure.  It  has  been  shown  in  Vol.  I.  Chap.  II.  that  as  the  pressure 
rises  the  amount  of  bases  may  be  reduced,  the  bases  merely  acting 
as  accelerators.  Hence  the  greater  the  pressure  the  less  bases  need 
be  used. 

1 German  patent  155,108.  2 French  patent  366,460. 
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In  the  modern  practice  of  candle-works  autoclaves  are  therefore 
worked  at  a pressure  of  about  eight  atmospheres  ( = 120  lbs.  per 
square  inch).  At  this  pressure,  when  employing  about  3 per  cent 
of  lime  with  the  fat,  it  is  practically  completely  hydrolysed.  The 
autoclaves  in  use  are  illustrated  by  Figs.  12  and  13.  That 
shown  in  Fig.  12  consists  of  a cylindrical  vessel  made  of  copper, 
strong  enough  to  withstand  a working  pressure  of  eight  atmospheres, 
and  provided  with  an  internal  steam  pipe  which  reaches  the  bottom 
of  the  vessel.  In  Fig.  12  the  steam  leaves  at  the  bottom  of  the 
serrated  cone,  and  is  thus  divided  into  a number  of  streamlets  which 
churn  the  mixture  of  fat  and  water  into  a thorough  emulsion.  The 
water  and  fat,  in  the  proportion  of  1 to  3,  or  1 to  4,  as  also  the  milk 
of  lime,  are  fed  through  the  funnel-shaped  vessel  at  the  side  of  the 
autoclave. 

The  following  tables  will  be  found  of  assistance  to  the  works’ 
chemist 


Milk  of  Lime  in  Degrees  Baumd  obtained  from  1 Kilogram 
of  Caustic  Lime 


1 Kilogram  Caustic  Lime 
yields  Milk  of  Lime  of 

Weight  of  Milk 
of  Lime. 

1 Kilogram  Caustic  Lime 
yields  Milk  of  Lime  of 

Weight  of  Milk 
of  Lime. 

1 )egrees 
Baume. 

Litres. 

Kilograms. 

Degrees 

Baume. 

Litres. 

Kilograms. 

10 

7*50 

9'44 

38 

3*39 

5*07 

11 

7-10 

9'01 

39 

3 '37 

5*05 

12 

670 

8'60 

40 

3 '35 

5*03 

13 

6-30 

8 '20 

41 

3 '34 

5 '01 

14 

5-88 

7'80 

42 

3'32 

5 '00 

15 

5*50 

7 '43 

43 

3 '31 

4'98 

16 

5*25 

7 '16 

44 

3 '30 

4 '96 

17 

5-01 

6 '92 

45 

3'29 

4*95 

18 

4-80 

6 '70 

46 

3'28 

4 '93 

19 

4-68 

6'51 

47 

3 '27 

4'92 

20 

4-42 

6 '38 

48 

3 '26 

4'90 

21 

4-24 

6*18 

49 

3*25 

4'89 

22 

4*16 

6 05 

50 

3'24 

4 '88 

23 

4 '05 

5'92 

51 

3*23 

4 '87 

24 

3 '95 

5'81 

52 

3-220 

4*86 

25 

3 '87 

5 '72 

53 

3*215 

4 '85 

26 

3-81 

5'63 

54 

3 '210 

4 '84 

27 

3'75 

5'56 

55 

3 '205 

4*83 

28 

3'70 

5 '49 

56 

3'200 

4*82 

29 

3'65 

5 '43 

57 

3T95 

4*81 

30 

3 '60 

5 '36 

58 

3'190 

4*800 

31 

3 '56 

5'31 

59 

3'185 

4*795 

32 

3 '52 

5'27 

60 

3T80 

4 '790 

33 

3 '4  9 

5 '22 

61 

3'175 

4780 

34 

3 '47 

5*19 

62 

3T70 

4*775 

35 

3'45 

5*16 

63 

3'165 

4*770 

36 

3'43 

5 '13 

64 

3'160 

4*760 

37 

3 '41 

5*10 

65 

3*150 

4'750 
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Percentages  of  Caustic  Lime  in  Milk  of  Lime 


Degrees 

Baume. 

Per  cent. 

100  Litres 
contain  Kilo- 
grams CaO. 

Degrees 

Baume. 

Per  cent. 

100  Litres 
contain  Kilo- 
grams CaO. 

10 

10-60 

13-3 

38 

19-72 

29'5 

11 

11-12 

14-2 

39 

19-80 

29-6 

12 

11-65 

15-2 

40 

19-88 

29'8 

13 

12*16 

16T 

41 

19-95 

29-9 

14 

12-68 

17-0 

42 

20-03 

30-1 

15 

13-20  . 

18-0 

43 

20-10 

30-2 

16 

13-72 

18-9 

44 

20T6 

30-3 

17 

14-25 

19-8 

45 

20'22 

30-4 

18 

14-77 

20-7 

46 

20-27 

30-5 

19 

15-23 

21-6 

47 

20-32 

30*6 

20 

15-68 

22-4 

48 

20-37 

30-7 

21 

16-10 

23-3 

49 

20*43 

30-7 

22 

16-52 

24-0 

50 

20-48 

30-8 

23 

16-90 

24-7 

51 

20-53 

30-9 

24 

17*23 

25-3 

52 

20-57 

31-0 

25 

17-52 

25-8 

53 

20*62 

31*1 

26 

17-78 

26-3 

54 

20-66 

31-1 

27 

18-04 

26*7 

55 

20*70 

31-2 

28 

18-26 

27-0 

56 

20-74 

31-3 

29 

18-46 

27-4 

57 

20  78 

31-3 

30 

18-67 

27-7 

58 

20-82 

31-4 

31 

18-86 

27-9 

59 

20-85 

31-4 

32 

19-02 

28-2 

60 

20-89 

31-5 

33 

19*17 

28-4 

61 

20-93 

31-5 

34 

19-31 

28-7 

62 

20-97 

31*6 

35 

19-43 

28-9 

63 

21-00 

31-6 

36 

19-53 

29-1 

64 

21-03 

31-7 

37 

19-63 

29-3 

65 

21-05 

31-7 

Sulphuric  Acid  required  to  saturate  100  Kilograms  of  Lime 


Degrees 

Baume. 

Containing  Acid 
of  66°  Baume. 
Per  cent. 

Kilograms  Acid 
required  for 
100  Kilograms 
CaO. 

Kilograms  Water  to  be  added  to  100 
Kilograms  Acid  to  obtain  Acid 
of  Degrees  Baume. 

5°  B. 

10°  B. 

15°  B.  20°  B. 

25°  B. 

66 

ioo-o 

175-0 

2477 

1318 

1 831  1 554 

400 

65 

97-04 

180-3 

2471 

1313 

826  548 

395 

64 

94-10 

186-0 

2465 

1303 

820  | 543 

389 

63 

91-16 

196-5 

2455 

1297 

810  532 

380 

62 

88-22 

198-4 

2451 

1294 

807  529 

376 

61 

85-28 

205-2 

2446 

1288 

801  | 525 

370 

60 

82-24 

212-5 

2439 

1280 

I 794  516 

362 

59 

80-72 

216-8 

2434 

1276 

I 789  512 

358 

58 

79-12 

221-2 

2430 

1272 

785  508 

354 

57 

77*52 

226-0 

2425 

1267 

780  503 

349 

56 

75'92 

230-5 

2421 

1263 

775  498 

344 

55 

74-32 

235-4 

2416 

1255 

770  494 

339 

54 

72-70 

240-7 

2411 

1252 

765  488 

334 

53 

71-17 

245-9 

2405 

1247 

760  | 481 

328 

52 

69-30 

252-5 

2399 

1241 

754  476 

322 

51 

68-05 

257  *2 

2394 

1235 

748  471 

318 

50 

66-49 

263-3 

2386 

1230 

743  465 

314 

49 

64-37 

271-9 

2379 

1222 

734  457 

303 

48 

62-80 

278-7 

2372 

1214 

727  450 

297 

47 

61-32 

285-4 

2366 

1208 

721  443 

289 

46 

59-85 

292-4 

2359 

1201 

714  436 

272 

45 

58-05 

302-0 

2340  | 

1188 

704  ! 427 

273 
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When  the  autoclave  is  charged,  steam  is  turned  on  and  the  vessel  is 
kept  at  a pressure  of  eight  atmospheres  for  about  eight  to  ten  hours. 

The  progress  of  hydrolysis  is  controlled  by  drawing  samples  from 
time  to  time,  and  ascertaining  the  amount  of  free  fatty  acids,  in  the 
manner  illustrated  by  the  example  given  in  Vol.  I.  Chap.  XI.  It 
should  be  noted  that  the  samples  contain  lime  soap,  and  it  is 
therefore  necessary  to  boil  them  with  dilute  sulphuric  acid  so  as  to 
obtain  a mixture  of  neutral  fat  and  free  fatty  acids. 

The  following  table  illustrates  the  sampling  of  tallow  saponified 
in  an  autoclave  with  3 per  cent  of  lime,  at  a pressure  of  eight 
atmospheres : — 


Another  form  of  autoclave  is  shown  in  Fig.  13;  the  agitation, 
effected  by  steam,  is  assisted  by  a mechanical  stirring  arrangement. 
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A horizontal  form  of  autoclave  fitted  with  a stirring  arrangement 
of  a different  kind  is  illustrated  by  Fig.  14. 

Since  the  cylindrical  autoclaves  are  liable  to  be  bulged  out  by 
the  high  pressure,  they  would  at  last,  if  the  bulging  took  place 


Fig.  14. 


progressively  in  a regular  manner,  assume  the  shape  of  a sphere. 
Hence  spherical  autoclaves  (first  suggested  by  L.  Bottaro  of  Genoa) 


Fig.  15. 


are  also  in  vogue.  An  autoclave  of  this  kind,  provided  with  a stirring 
arrangement,  is  shown  in  Fig.  15. 

A large  number  of  modifications  in  the  apparatus,  purporting  to 
effect  a better  intermixture  of  the  bases  with  fat  and  water,  have 
been  proposed  during  recent  years.  Since  none  of  them  has  been 
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able  to  replace  the  above  described  autoclaves,  the  specifications  of 
the  patentees  can  only  be  referred  to  briefly.1  Perrelet2  claims  to 
promote  intermixture  by  pulverising  the  reacting  masses  by  means 
of  steam  injectors.  In  the  author’s  opinion  the  injectors  would 
become  blocked  up  very  soon.  0.  Mannig  3 places  a kind  of  fraction- 
ating column  on  the  autoclave. 

In  the  processes  considered  here  the  hydrolysis  reaches  as  high 
a figure  as  98  to  99  per  cent.  When  the  saponification  is  deemed  to 
be  complete,  the  saponified  mass  is  allowed  to  stand  in  the  autoclave 
until  it  has  separated  into  two  layers : glycerin  water — “ sweet 
water  ” — and  an  upper  layer  of  fatty  acids,  containing  as  much  lime 
soap  as  corresponds  to  the  lime  introduced  into  the  autoclave.  These 
two  layers  are  either  pumped  separately  into  store  vats,  or,  in  order  to 
save  time,  the  whole  mass  may  be  pumped  into  a settling  vat,  where 
the  separation  into  two  layers  takes  place.  The  further  working 
up  of  the  glycerin  solution  into  “ crude  saponification  glycerin  ” 
will  be  considered  under  the  heading  “ Glycerin,”  below.  The  fatty 
layer  is  boiled  up  with  steam,  and  sufficient  sulphuric  acid  is  added 
to  decompose  the  lime  soap.  On  allowing  to  stand,  most  of  the 
calcium  sulphate  separates  out  at  the  bottom  of  the  aqueous  layer, 
whereas  the  fatty  acids  form  a clear  oily  layer  on  the  top.  They 
are  washed  carefully  with  dilute  acid  to  remove  the  last  traces  of 
lime.  Some  manufacturers  precipitate  the  lime  in  the  last  stages  as 
oxalate. 

In  place  of  lime,  magnesia  and  zinc  oxide  are  also  employed  as 
“ accelerators.”  The  advantages  which  magnesia  and  zinc  oxide  offer 
would  lie  in  that  they  do  not  yield  a precipitate  on  decomposing  the 
autoclaved  fatty  matter  with  sulphuric  acid.  This  advantage  is, 
however,  more  than  counterbalanced  by  the  fact  that  hydrolysis  is 
not  so  readily  effected  by  means  of  magnesia,  at  any  rate  in  the  case 
of  tallow  and  palm  oil,  as  by  means  of  lime.  Experience  gained  on 
a large  scale  has  shown  that  tallow,  autoclaved  with  3 per  cent  of 
magnesia  under  the  same  conditions  as  with  3 per  cent  of  lime,  is 
hydrolysed  only  to  the  extent  of  about  96  per  cent.  In  order  to 
reach  as  good  a result  as  is  obtained  by  means  of  lime,  the  working 
pressure  or  (and)  the  length  of  time  must  be  increased,  as  will  be 
readily  gathered  from  the  theoretical  principles  explained  in  Yol.  I. 
Chap.  II.  This  is  indeed  borne  out  by  the  experiments,  due  to 
Kassler ,4  given  in  the  following  table.  They  should  be  looked  upon 
as  a corollary  to  the  table  given  above  (p.  170). 

1 Cp.  L.  Riviere,  French  patent  352,182  ; C.  Mason,  F.  G.  Geldart,  and  P.  J.  Fryer, 
English  patent  7561,  1907. 

2 French  patent  322,777  ; United  States  patent  736,007  ; German  patent  155,542  ; 
English  patent  15,586,  1902. 

3 German  patent  160,111,  and  German  Registered  Trade  Mark  219,275. 

4 Aug  si).  Seifensieder  Zeitung,  1902,  312. 
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Saponification  of  Shea  Butter  with  3 per  cent  of  Magnesia  at  a 
Pressure  of  9 Atmospheres 


Sample  taken  after  the  1st  hour  contained 


2nd 
3rd 
4th 
5th 
6th 
7 th 
8tli 


Free  Fatty  Acids. 
Per  cent. 


a. 

6. 

61'4 

63-2 

80-2 

81-9 

90-2 

90-1 

91-1 

94*8 

95-4 

957 

95*5 

97  T 

96-6 

97T 

98-1 

98-0 

The  pressure  being  higher  than  in  the  case  of  lime,  discolouration 
of  the  fatty  acids  takes  place  to  a somewhat  greater  extent,  and  the 
resulting  “sweet  water”  is  more  dilute.  The  chief  disadvantage  of 
magnesia  lies,  however,  in  the  fact  that  it  frequently  gives  emulsions, 
which  are  very  troublesome,  as  they  do  not  separate  even  after  pro- 
longed standing,  and  also  that  the  saponification  is  less  complete. 

Zinc  oxide  does  not  offer  these  disadvantages,  but  its  higher  cost 
outweighs  the  benefit  derived  from  its  use.  A small  percentage  of 
zinc  oxide  or  zinc  dust  is,  however,  frequently  used  conjointly  with 
lime,  as  the  discolouration  of  the  fatty  acids  is  thereby  somewhat 
diminished  (cp.  “ Soap  Manufacture  ”). 

Ammonm,  which  (as  a strong  base)  assists  the  hydrolysis  of  fats 
by  water,  has  frequently  been  suggested  as  a saponifying  agent.1 
The  properties  of  ammonia  render  it  imperative  to  carry  out  the 
hydrolysis  under  pressure,  and  several  inventors  have  patented  special 
autoclaves  for  this  purpose.  As  none  of  these  suggestions  has  found 
practical  application,  the  reader  must  be  referred  to  the  patents 
mentioned  in  the  footnotes.2 

As  a curiosity,  there  may  also  be  mentioned  the  proposal 3 to  use 
aluminium  soaps  (of  fatty  acids  or  of  rosin  acids).2 


According  to  the  fatty  material  employed,  the  composition  of 
the  resulting  fatty  acids  will  naturally  vary.  The  chief  materials 
employed  hitherto,  at  any  rate  in  this  country,  in  the  saponification 
processes  described  above,  are  tallow  and  palm  oil,4  or  a mixture  of 
both ; hence  it  may  be  taken  that  the  fatty  acids  consist  approxi- 
mately of  50  per  cent  of  solid  acids  and  50  per  cent  of  oleic  acid. 
Bone  fat,  especially  on  the  Continent,  is  also  largely  “ autoclaved  ” 
for  candle-making  purposes.  The  kind  employed  for  this  purpose 
is  benzine-extracted  bone  fat,  which  is  unsuitable  for  soap-making 

1 Cp.  Vol.  I.  Chap.  I. 

2 Barbe,  Garelli,  and  de  Paoli  protect  the  use  of  ammonia  by  French  patent  372,341  ; 
and  1st  Addition,  No.  9255.  Cp.  also  Glatz,  United  States  patent  819,646. 

3 Ruch,  French  patent  371,416. 

4 Palm  oil  was  first  suggested  as  a candle-making  material  by  Hempel  and  Blundel 

in  1836 
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purposes.  Since  candles  made  exclusively  from  bone  fat  stearine  are 
soft  and  friable,  it  is  customary  to  make  up  the  charges  for  the  auto- 
clave from  a mixture  of  bone  fat  and  other  fats.  With  regard  to 
goat’s  tallow  as  a candle  material  see  Vol.  II.  “Tallow.”  Under  bone 
fat  are  also  comprised  “ Greases  ” (see  Chap.  XVI.). 

“ Cotton  seed  stearine  ” of  a high  titer  test — above  40°  C.— is  also 
used  to  some  extent  as  a raw  material  for  candle-making  purposes. 

In  the  United  States  that  lard  stearine  which  is  unfit  for  edible 
purposes  is  not  infrequently  converted  into  candle  material  by  the 
autoclave  process.  A sample  of  such  material  examined  in  my 
laboratory  had  the  melting  point  125°  F.  = 51*7°  C. 

The  employment  of  palm  oil  is  somewhat  restricted  on  the  Con- 
tinent, and  other  vegetable  fats — such  as  vegetable  tallow,  shea 
butter,  mowrah  seed  oil — are  in  use.  The  commercial  exploitation 
of  the  large  supplies  of  vegetable  fats  suitable  for  the  candle  industry 
has  not  yet,  however,  attracted  such  attention  from  importers  as  this 
subject  deserves.1 


Since  oleic  acid  is  useless  as  a candle  material,  the  next  operation 
is  to  effect  its  removal  from  the  mixed  fatty  acids.  Hitherto  this 
has  been  principally  effected  by  pressing  the  mixed  fatty  acids.  The 


Fig.  16. 


crude  acids,  after  being  thoroughly  freed  from  mineral  acid,  are  run 
into  shallow  trays  arranged  in  tiers,  in  which  the  fatty  acids  are 
allowed  to  crystallise.  These  trays  are  best  placed  in  a room  which 
can  be  kept  at  any  desired  low  temperature ; hence  this  room  is 
fitted  with  cooling  coils  fed  with  cold  brine  from  a refrigerating 
plant.  The  temperature  at  which  the  crystallisation  takes  place  is 
carefully  regulated,  so  as  to  obtain  well-formed  crystals  of  stearic 
and  palmitic  acids  embedded  in  the  mother  liquor  of  oleic  acid.  If 
the  fatty  acids  are  cooled  too  rapidly,  they  solidify  to  an  amorphous 
mass,  from  which  it  is  extremely  difficult  to  express  the  oleic  acid 
satisfactorily  (the  mass  “ spues  ”).  The  solidified  mass  is  taken  out  of 
the  trays  and  pressed,  at  first  at  the  ordinary  temperature  in  a cold 
press,  such  as  is  shown  in  Fig.  16.  The  bulk  of  the  oleic  acid — “red 
oil  ” — is  thereby  removed.  The  hard  cakes  still  contain  too  much  oleic 
1 Cp.  Lewkowitsch,  Cantor  Lectures,  Journ.  Soc.  Arts,  1904. 


XV 


SEPARATION  OF  SOLID  FROM  LIQUID  ACIDS 


175 


acid,  and  are  therefore  pressed  a second  time,  at  a somewhat  higher 
temperature,  in  a hot  press  (Fig.  17),  the  cakes  being  placed  in  a bag 
of  horse-hair,  or  other  suitable  material,  between  two  press  plates 
which  are  heated  by  live  steam.  In  the  figure  shown  the  steam  is 
supplied  from  above ; but  since  the  stuffing-boxes,  owing  to  the  wear 
and  tear  to  which  they  are  subjected,  require  frequent  renewing,  the 
steam  is  supplied  in  more  modern  presses  from  below. 

The  cakes  are  allowed  to  stand  under  pressure  in  the  hot  until  a 
sufficient  amount  of  oleic  acid  has  been  expressed  to  leave  them  white, 
ready  to  be  melted  (after  a further  purification  to  remove  the  last 
traces  of  lime)  and  to  be  moulded  into  candles.  The  oleic  acid  which 
runs  from  the  hot-pressed  cakes  contains  a considerable  amount  of 
solid  acids  (“  stearine  ”).  They  are  recovered  either  by  admixing 


Fig.  17. 


the  material  to  a fresh  batch  of  the  original  fatty  acids,  or  by  sub- 
jecting it,  together  with  the  “ red  oil,”  to  a process  of  cooling  in  the 
refrigerating  plant. 

If  the  “ stearine  ” is  not  sufficiently  white,  the  mixed  fatty  acids 
are  subjected  to -distillation  previous  to  being  pressed  (see  p.  183). 

Another  method,  patented  by  Lanza,1  for  separating  oleic  acid 
from  the  solid  acids  dispenses  altogether  with  the  cold  and  hot 
presses.  This  method  is  based  on  the  property  of  a dilute  solution 
of  stearo-sulphuric  acid  (prepared  by  dissolving  the  product  of 
reaction  of  concentrated  sulphuric  acid  on  oleic  acid  in  water)  to 
dissolve  oleic  acid  only,  whereas  the  solid  fatty  acids  remain  undis- 
solved.2 The  solid  fatty  acids  are  separated  from  the  liquid  acids  by 
filtration  much  in  the  same  manner  as  crystals  are  separated  from 
their  mother  liquor.  The  author  has  seen  this  process  carried  out  on 

1 French  patents  352,337,  366,457  ; English  patent  11,877,  1906  ; German  patent 
191,238. 

2 Cp.  Vol.  I.  Chap.  VIII. 
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a large  scale ; the  solid  acids  so  obtained  were  as  good  in  colour  as 
those  obtained  in  the  hot  press. 

The  experiments  made  by  Pastrovitch 1 to  separate  the  solid  acids 
from  the  oleic  acid  by  alcohol,  and  those  of  Charitschkoff 2 to  effect  the 
same  purpose  by  means  of  benzene  and  alcohol,  have  so  far  acquired 
no  practical  interest. 

The  amount  of  oleic  acid  in  the  cold-pressed  (or  hot-pressed)  cakes 
is  most  rapidly  determined  by  ascertaining  the  iodine  value  of  the 
material.  In  this  manner  the  pressing  operations  are  readily  con- 
trolled. (It  should  be  noted  that  the  expressed  “ oleine  ” contains 
most  of  the  neutral  fat  which  has  escaped  saponification  in  the  auto- 
clave process.)  For  the  rapid  conversion  of  the  iodine  values  into 
percentages  of  oleic  acid,  the  following  table,  calculated  by  Mangold , 
may  be  found  useful  in  a works’  laboratory.  The  “stearine”  of  the 
table  represents  a mixture  of  palmitic  and  stearic  acids. 


Iodine 

Value. 

Product  contains 

Iodine 

Value. 

Product  contains 

Iodine 

Value. 

, Product  contains 

Oleic  acid. 
Per  cent. 

“Stearine.” 
Per  cent. 

Oleic  acid. 
Per  cent. 

“Stearine.” 
Per  cent. 

Oleic  acid. 
Per  cent. 

| 

“Stearine.” 
Per  cent. 

0 

0 

100 

31 

34-41 

65*59 

62 

68-83 

31-17 

1 

1-11 

98-89 

32 

35-52 

64-48 

63 

69-94 

30-06 

2 

2-22 

97-78 

1 33 

36-63 

63-37  j 

64 

71*05 

28-95 

3 

3-33 

96 -67 

! 34 

37-74 

62-26  I 

65 

72-16 

27-84 

4 

4*44 

95 '56 

j 35 

1 38-85 

61-15 

66 

1 73-27 

26-73 

5 

5*55 

94-45  j 

! 36 

I 39-96 

1 60-04  ; 

67 

74-38 

25-62 

6 

6-66 

93-34  | 

! 37 

41-07 

58-93  | 

68 

75  "49 

24-51 

7 

7-77 

92-23 

1 38 

! 42-18 

57  -82  1 

69 

j 76-60 

23-40 

8 

8*88 

91-12  | 

39 

43-29 

56-71  j 

70 

77-71 

22-29 

9 

9*99 

90-01 

40 

! 44-40 

55-60 

71 

I 78*82 

21-18 

10 

11-10 

88-90 

1 41 

| 45-51 

54-49  ! 

72 

| 79-93 

20-07 

11 

12-21 

87-79 

42  | 

46-62 

53-38 

73 

81-04 

18-96 

12 

13-32 

86-68 

43  1 

47*73 

52-27 

74 

! 82-15 

17-85 

13 

14-43 

85*57 

44 

48-84 

51*16 

75 

83-26 

16-74 

14 

15-54 

84-46 

! 45 

49-95 

50*05  1 

76 

84-37 

15-63 

15 

16  "65 

83-35 

46 

51-06 

48-94 

77 

85-48 

14-52 

16 

17-76 

82-24 

47  1 

52-17 

47-83 

78  | 

86-59 

13-41 

17 

18*87 

81-13 

48 

53-28 

46-72 

79 

87*70 

12-30 

18 

19-98 

80-02 

49 

54-39 

45-61 

80 

88-82 

11-18 

19 

21-09 

78-91 

50 

55-50 

44-49 

81 

89-93 

10-07 

20 

22-20 

77-80 

51 

56-62 

43-38 

82 

91-04 

8-96  : 

21 

23-31 

76-69 

52  ! 

57*73 

42-27 

83 

92-15 

7*85 

22 

24-42 

75-58 

53 

58-84 

41-16 

84 

93-26 

6-74 

23 

25  '53 

74-47 

54 

59-95 

40-05 

85 

94-37 

5-63 

24 

26-64 

73-36  ! 

55  | 

61-06 

38-94 

86 

95-48 

4-52 

25  | 

27-75 

72-25 

56 

62-17 

37-83 

87 

96-59 

3-41 

26 

28*86 

71-14 

57 

63-28 

36-72 

88 

97-70 

2-30 

27 

29-97 

70-03 

58 

64-39 

35-61 

89 

98*81 

1-19 

28  j 

31-08 

68-92 

59 

65*50 

34-50  1 

90-07 

100 

0 

29  j 

32-19 

67-81 

1 60 

66*61 

33-39 

30 

33-30 

66*70 

61 ! 

67*72 

32-28  ! 

A more  direct  method  of  carrying  out  the  valuation  of  the  solid 
acids  is  to  determine  their  solidifying  point. 

1 Chem.  Rev.  1904,  1. 


2 Ibid,  1905,  106. 
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Y.  de  Schepper  and  Geitel 1 recommend  each  candle-works’  chemist 
to  construct  an  empirical  table  for  his  own  use,  from  which  the  yield 
of  candle  material  can  be  found  at  a glance.  Such  an  empirical  table 
is  computed  by  mixing  the  finished  product  “ stearine  ” and  the 
finished  oleic  acid  as  manufactured  in  the  works  in  known  propor- 
tions, and  determining  the  solidifying  points  of  these  mixtures.  Of 
course  a separate  table  must  be  constructed  for  each  kind  of  fat 
or  mixture  of  fats,  and  it  must  be  emphasised  that  a table  of  this 
kind  holds  good  only  for  the  particular  works  for  which  it  is  con- 
structed, as  the  solidifying  points  of  the  mixed  fatty  acids  and  the 
yields  of  candle  material  naturally  differ  considerably  under  varying 
conditions. 

The  following  table,  due  to  de  Schepper  and  Geitel,  affords  the 
necessary  guidance  (cp.  also  table,  p.  184)  : — 


Solidifying 
Point  of  the 
Mixture. 

Stearine  of 
Solidifying 
Point  48°  C. 

Solidifying 
Point  of  the 
Mixture. 

Stearine  of 
Solidifying 
Point  48°  C. 

Solidifying 
Point  of  the 
Mixture. 

Stearine  of 
Solidifying 
Point  48°  C. 

CC. 

Per  cent. 

eC. 

Per  cent. 

•c. 

Per  cent. 

5*4 

20 

12T 

35 

39*5 

6 

0*3 

21 

13"2 

36 

43  0 

7 

0-8 

22 

14*5 

37 

46-0 

8 

1*2 

23 

157 

38 

50*5 

9 

1-7 

24 

17-0 

39 

54-5 

10 

2*5 

25 

18-5 

40 

58’9 

11 

3*2 

26 

20-0 

41 

63-6 

12 

3*8 

27 

21  *7 

42 

68-5 

13 

4-7 

28 

23-3 

43 

73*5 

14 

5-6 

29 

25-2 

44 

78*9 

15 

6*6 

30 

27-2 

45 

83*5 

16 

77 

31 

29*2 

46 

89*0 

17 

8*8 

32 

31-5 

47 

94*1 

18 

9-8 

33 

33  8 

48 

100-0 

19 

[ 

11-1 

34 

36-6 

If  the  amount  of  stearic  acid  in  the  material  be  required,  its  pro- 
portion is  ascertained  by  the  method  described  (Yol.  I.  Chap.  VIII.). 

The  “ stearine ” contained  in  the  “red  oil”  (and  in  the  runnings 
from  the  hot  press)  is  recovered  in  the  refrigerating  plant  by  cooling 
the  liquid  mass.  Various  appliances  are  in  vogue.  The  simplest  plan 
is  to  refrigerate  the  oil  in  large  tanks  fitted  with  a row  of  coils 
through  which  cooled  brine  or  calcium  chloride  solution  is  pumped. 
Some  manufacturers  cool  small  quantities  in  mixing  vessels,  so  as  to 
be  able  to  stir  the  cooled  mass.  The  process  requires  attention,  as 
the  success  of  the  operation  depends  on  the  separation  of  well-formed 
crystals.  These  are  readily  separated  from  the  oleic  acid  by  means 
of  a filter-press. 

A more  rapid  method  of  cooling  consists  in  allowing  the  red  oil 
to  run  over  a refrigerating  wheel — Petit’s  wheel,  Fig.  18  (cp.  “Lard 

1 Dingl.  Polyt.  Journ.  245,  295. 


VOL.  Ill 
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Cooling,”  Vol.  II.  Chap.  XIV.).  This  wheel  is  shown  partly  in  section. 
The  cooled  brine  enters  at  C,  runs  along  the  circumference  of  the 
wheel,  and  leaves  at  the  opposite  side.  The  oleine  is  fed  into  trough 
/,  into  which  dips  the  rotating  wheel,  carrying  with  it  upwards  a thin 
film  of  oleic  acid,  which  is  thus  rapidly  cooled,  and  deposits  crystals  of 
“ stearine.”  The  crystalline  mass  on  reaching  the  scraper  h is  scraped 
off  and  the  sludgy  mass  is  collected  in  the  cooled  vessel  F,  from  which 
it  is  pumped  through  pump  P into  a filter-press.  The  crystals  form 
an  intermediate  product,  and  are  mixed  with  the  crude  candle  material 
at  a suitable  stage  of  the  process. 

In  place  of  Petit’s  wheel  the  cooler  used  in  the  lard  industry 
(Yol.  II.  p.  563)  may  be  employed. 


Fig.  18. 


Yield  of  the  Process. — The  yield  of  candle  material  by  the  auto- 
clave process  depends,  of  course,  on  the  melting  points  of  the  finished 
“ stearine,”  and  on  the  completeness  with  which  the  “ stearine  ” is 
recovered  from  the  “red  oil.”  It  may,  however,  be  taken  as 
sufficiently  accurate  that  the  amount  of  high  melting  “ stearine  ” 
from  tallow  or  palm  oil,  or  a mixture  of  both,  varies  from  45  to  47 
per  cent  of  the  raw  material,  about  30  per  cent  being  obtained  from 
the  hot  press  and  the  remainder  from  the  refrigerated  “ red  oil.”  The 
proportion  of  finished  oleic  acid,  “ oleine,”  amounts  to  47-48  per  cent. 
In  the  case  of  good  tallow,  the  yield  of  “saponification  crude  glycerin  ” 
of  specific  gravity  1*240  reaches  10  per  cent.  This  is  summarised  in 
the  following  table  : — 
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Yield  from  100  parts  of  Tallow  by  the  Autoclave  Process 

Candle  material  (stearic  and  palmitic  acids)  . . 45  - 47  parts 

Oleic  acid  (containing  unsaponified  fat)  . . . 48  - 47  ,, 

Crude  glycerin,  specific  gravity  1‘240  . . . . 10  - 10  ,, 

103-104  „ 

The  “ stearine  ” is  used  as  candle  material  either  as  such,  or 
in  admixture  with  paraffin  wax,  etc.  (see  below).  The  oleic  acid, 
“ oleine,”  is  either  converted  into  textile  soap  or  used  as  a wool  oil 
(cp.  p.  77).  In  the  mixed  process  (see  below)  part  of  the  oleic  acid 
is  converted  into  candle  material. 

The  production  of  “ crude  saponification  glycerine  ” from  the 
“ sweet  water”  will  be  described  under  “Glycerin.” 

If  the  fatty  acids  obtained  by  the  autoclave  process  be  too  dark, 
and  hence  do  not  yield  a sufficiently  white  candle  material,  they  must 
be  purified  by  distillation.  This  is  carried  out  in  the  same  apparatus 
which  is  described  under  “ Sulphuric  Acid  Saponification,”  and  in  the 
same  manner  as  is  detailed  under  “ Mixed  Process  ” (see  below). 

In  the  distilling  process  the  fatty  acids  do  not  undergo  a chemical 
change  (cp.  Yol.  I.  Chap.  III.),  provided  due  care  be  observed' in  con- 
ducting the  distillation.  Since,  however,,  the  autoclaved  mass  con- 
tains some  small  proportion  of  unsaponified  fat,  which  goes  on 
accumulating  in  the  still — especially  if  the  still  be  fed  continuously 
— decomposition  of  the  unsaponified  fat  finally  takes  place  with 
formation  of  hydrocarbons  (“Destructive  Distillation,”  see  Yol.  I. 
Chap.  I.).  (In  the  case  of  autoclaved  extracted  bone  fat,  small 
amounts  of  hydrocarbons  appear  at  the  outset  of  the  distillation.) 
Kassler 1 has  shown  that,  if  during  the  progress  of  distillation  so 
much  neutral  fat  has  accumulated  that  its  proportion  reaches 
12  to  15  per  cent  of  the  still  contents,  hydrocarbons  are  formed.2 
Hence  those  portions  of  the  distillate  which  are  caught  -towards  the 
end  of  the  “run”  are  collected  separately  (“ Still -Returns ”)  and 
redistilled. 

In  the  following  table  I have  compiled  in  tabular  form  the  results 
of  a number  of  large  scale  experiments  made  by  Kassler  3 with  fatty 
acids  from  several  kinds  of  fats.  The  neutral  fats  were  hydrolysed  in 
an  autoclave  with  2 '6  to  3 per  cent  of  magnesia  at  a pressure  of  9 
atmospheres ; the  autoclaved  mass  was  freed  from  magnesia  by  dilute 
sulphuric  acid  : — 

1 Cliem.  Revue , 1903,  151. 

2 Winter  (German  patent  170,563)  states  that  the  formation  of  hydrocarbons  does 
not  take  place  in  the  case  of  cocoa  nut  and  palm  nut  oils.  When  these  two  oils  are 
hydrolysed  to  an  extent  of  90  per  cent  the  fatty  acids  are  said  to  be  completely  removable 
by  distillation  in  vacuo  without  auy  of  the  neutral  fat  becoming  decomposed. 

3 Chem.  Revue,  1902,  49  ; Augsburger  Seifensieder  Zeitung,  1902,  311,  329. 
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Yield  from  Autoclaved  Fatty  Acids  on  Distillation 


No. 

From 

Quantity 

Duration  of 

Distillate 

“Still- 

“Stearine 

distilled. 

Distillation. 

for  Presses. 

Returns.” 

Pitch.” 

Tons. 

About 

Hours. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

Tallow  stearine  . 

8 

36 

95-6 

1 2-1 

2*3 

2 

Vegetable  tallow. 

5 

35 

92-4 

4-0 

3-6 

3 

Tallow 

5 

36 

94-2 

2-3 

3-5 

4 

Bone  fat 

5 

38 

91-5 

5-0 

3*5 

5 

Palm  oil 

5 

37 

91*3 

4*5 

4-2 

6 

Shea  butter 

5*3 

29 

94-1 

2-4 

3-7 

In  the  following  table,  due  to  Kassler,1  are  recorded  the  solidify- 
ing points  and  iodine  values  of  the  distillates,  as  obtained  from  hour 
to  hour,  during  a “ run  ” : — 


Distillation  of  Autoclaved  Fatty  Acids 


h 

rt  a 

Tallow  Acids  of 
Solidifying  Point 
41  '7°  C.,  containing  : 
Oleic  Acid,  41  '5 
per  cent ; Neutral 
Fat,  3 '6  per  cent. 

Bone  Fat  Acids  of 
Solidifying  Point 
39*8°  C.,  containing : 
Oleic  Acid,  00*4 
per  cent ; Neutral 
Fat,  2’5  per  cent. 

'Palm  Oil  Acids  of 
Solidifying  Point 
41*6°  C.,  containing : 
Oleic  Acid,  60-4 
per  cent ; Neutral 
Fat,  2 -9  per  cent. 

Shea  Butter  Acids  of 
Solidifying  Point 
48-4°  C.,  containing : 
Neutral  Fat,  2 per 
cent. 
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°C. 

Per 

Per 

°c. 

Per 

Per 

°C. 

Per  1 

Per 

°C. 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

5 

40-4 

38-0 

37-2 

54-9 

43-8 

56 ’0 

48-9 

47-24 

6 

40-4 

38-3 

38-1 

54-9 

43-8 

56-2 

49*7 

47-72 

7 

40-7 

38*9 

38*1 

55-7 

43*8 

56-3 

50-5 

48-05 

8 

40*9 

38-9 

38-3 

56-2 

43*5 

56'7 

50-4 

48-04 

9 

41*2 

39*5 

38*7 

56-5 

43*4 

56-9 

49*8 

48-37 

10 

41-3 

39-9 

38-8 

57*0 

43*1 

57*6 

50-3 

48-50 

11 

41*3 

40  "5 

38-9 

57  -6 

42-4 

58-8 

50-3 

48-50 

12 

41-3 

41-0 

38-9 

58-1 

42-2 

59'0 

50-8 

48-71 

13 

42-5 

41-2 

39*2 

58-5 

42-0 

59-0 

50-8 

48-77 

14 

427 

41'5 

39*2 

59-4 

41-0 

59-0 

50-9 

48-97 

15 

42-9 

417 

39*2 

59-8 

40-8 

59-5 

51-3 

49-14 

16 

43-0 

42*0 

39-4 

59*9 

6-5 

40-5 

59-5 

51*3 

49-29 

17 

43-2 

42*5 

39*5 

607 

0-9 

40-1 

597 

6-5 

51-0 

50-56 

18 

43-4 

42-5 

39-8 

60-9 

1-3 

39-8 

59-9 

1*1 

50-7 

51-00 

19 

43*6 

42-5 

40-0 

61-2 

1-8 

39-8 

60'4 

1-7 

51*1 

51-62 

20 

44-5 

42-7 

40-5 

61-2 

2-2 

39-3 

60 '8 

2-3 

51*1 

51-73 

21 

44-5 

427 

0-2 

40-3 

61-4 

2*9 

39-2 

61-1 

2*8 

50-9 

51-40 

22 

44-6 

42-8 

0*8 

40*3 

61-6 

3*5 

39-1 

62-0 

4'0 

50-9 

51-18 

23 

43-2 

43-0 

1*2 

40-0 

61-8 

3 '8 

38*2 

62-7 

4-5 

51-2 

51-23 

24 

42 '5 

43-1 

17 

39-0 

62*0 

4*2 

38-0 

63*4 

5-1 

51-3 

51-32 

25 

40*0 

43-0 

2-9 

39-0 

62-1 

4 '5 

38-0 

63'8 

5*1 

51-3 

51-42 

0-34 

26 

51*4 

51-59 

0-78 

27 

51-5 

51-68 

0-92 

28 

51-3 

51-79 

2-80 

29 

51*3 

51-64 

3-56 

30 

50'8 

51-52 

5-07 

1 Augsburger  Seifensieder  Zeitung,  1902,  349. 
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(3)  Sulphuric  Acid  Saponification,  Hydrolysis  by  means 
of  Concentrated  Sulphuric  Acid 

The  theory  of  this  process  of  hydrolysis  has  been  discussed  in 
Vol.  I.  Chap.  II.  The  technical  operation1  consists  in  rapidly  inter- 
mixing fat  which  has  previously  been  heated  to  a temperature  of 
120°  C.  or  more  (and  thereby  freed  from  the  last  traces  of  moisture) 
with  4 to  6 per  cent  of  concentrated  sulphuric  acid  of  66°-67°  Baume. 
If  sulphuric  acid  of  lower  strength  be  used,  the  hydrolysis  is  not  com- 
plete, as  will  be  gathered  from  the  table  given  in  Vol.  I.  Chap.  II. 
With  the  decrease  of  the  strength  of  sulphuric  acid  hydrolysis 
decreases  rapidly ; an  acid  of  60  per  cent  S04H2  is  no  longer 
capable  of  effecting  hydrolysis  on  a practical  scale.  The  behaviour 
of  sulphuric  acid  to  the  saturated  glycerides  is  of  little  practical 
importance,  since  any  sulphonated  compounds  (of  the  glycerides  as 
well  as  of  the  saturated  fatty  acids)  that  are  formed  are  subsequently 
decomposed,  yielding  the  original  saturated  acids  practically  un- 
changed. With  olein,  however  (the  less  saturated  glycerides  need 
not  be  considered  here,  being  of  no  practical  importance  in  the 
manufacture  of  “ Stearine  ”),  the  sulphuric  acid  forms  saturated 
sulphonated  compounds,  a small  quantity  of  sulphurous  acid  being 
at  the  same  time  evolved  in  consequence  of  secondary  reactions 
setting  in.  These  sulphonated  compounds  have  the  property  of  being 
somewhat  readily  hydrolysed  on  boiling  with  water  (cp.  tables, 
Yol.  I.  Chap.  IT.). 

The  higher  the  temperature  to  which  the  fat  has  been  heated,  and 
the  larger  the  percentage  of  sulphuric  acid  used,  the  more  copious  is 
the  evolution  of  sulphurous  acid  and  the  further  will  the  secondary 
reactions  proceed.  In  order  to  reduce  the  destruction  (carbonising) 
of  organic  matter,  which  necessarily  leads  to  a lower  yield  of  fatty 
acids,  and  especially  of  glycerin,  great  attention  must  be  paid  to 
the  following  factors : — Quantity  of  sulphuric  acid,  temperature, 
and  time  during  which  the  acid  is  allowed  to  act  on  the  fat.  In 
order  to  ensure  the  most  intimate  contact  of  the  fat  with  the  acid 
within  the  shortest  possible  time,  various  mixing  machines  are  used. 
Mixing  by  means  of  air  cannot  be  recommended,  as  this  leads  to 
deterioration  of  the  material  and  to  appreciable  losses.  One  type  of 
apparatus  is  shown  in  Fig.  19.  Other  devices  consist  in  pulverising 
the  fatty  matter  by  centrifugal  force,  etc. 

The  sulphonated  mass  is  next  run  into  boiling  water  and  agitated 
by  steam  until  the  sulphonated  compounds  are  hydrolysed.  On 
allowing  to  stand,  separation  into  two  layers  takes  place : a lower 
aqueous  layer  containing  the  sulphuric  acid  employed  and  also  the 
glycerol,  and  an  upper  layer  of  fatty  material. 

This  fatty  material  is,  as  a rule,  so  dark  that  it  cannot  be  worked 

1 Cp.  W.  C.  Jones  and  G.  F.  Wilson,  English  patent  9542,  1842  ; G.  Gwynne  and 
G.  F.  Wilson,  English  patent  9944,  1843. 
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UP  by  pressing,  immediately  after  solidifying,  in  the  manner  described 
under  (2).  In  order  to  obtain  material  of  good  colour  the  fatty  mass 
must  be  distilled.  A type  of  apparatus  employed  for  this  purpose  is 
illustrated  by  Fig.  20.  The  fatty  material,  thoroughly  freed  from 
mineral  acid  by  washing  with  water,  is  charged  into  still  A,  where  it 
is  heated  at  first  by  direct  fire.  When  the  material  is  sufficiently 
hot,  a current  of  steam,  dried  preliminarily  in  P and  superheated  in  S, 
is  introduced  through  Px,  and  the  fatty  acids  are  thus  carried  over 
through  D into  the  cooling  worm  K.  The  acids  and  the  condensed 
water  run  into  box  X,  where  their  separation  takes  place,  and  any 
vapours  escape  through  G.  The  fatty  material  which  is  drawn  off  at 
Z,  represents  a mixture  of  liquid  acids  and  candle  material,  which  is 
pressed  in  the  cold  and  subsequently  in  the  hot  as  described  above 
(p.  174).  A large  number  of  patents  have  been  taken  for  special 
forms  of  stills  and  for  processes  claiming  continuous  feeding,  distilla- 
tion in  vacuo , or  both  combined.  The  ovoid  shape  of  the  still  shown 


Fig.  19. 


in  Fig.  20  has  been  largely  replaced  by  stills  of  lenticular  shape.  In 
order  to  reduce  the  height  to  which  the  vaporised  fatty  acids  must 
rise,  the  condensing  arrangements  also  vary  widely.  In  the  plant 
shown  in  Fig.  20  the  whole  distillate  is  obtained  in  one  mass.  Some 
manufacturers  collect  the  distillate  in  several  fractions,  whereby  the 
subsequent  separation  into  solid  and  liquid  material  is  somewhat 
simplified.  The  portions  distilling  over  towards  the  end  of  the 
“ run  ” are  so  dark  coloured  and  contaminated  with  organic  impurities 
that  they  must  be  redistilled,  hence  they  are  termed  “ still-returns  ” 
(German,  Blasenretourgang).  The  distillation  of  such  “ still-returns  ” 
is  exemplified  by  the  second  table,  p.  187.  The  best  practice  is  to 
stop  the  distillation  when  dark-coloured  distillates  make  their  appear- 
ance and  to  remove  the  still  residue  into  a second  still,  where  the 
residues  from  several  “ runs  ” are  allowed  to  accumulate.  These  are 
then  distilled  separately,  preferably  in  vacuo,  and  the  distillation  is 
carried  so  far  that  only  pitch  remains  in  the  still  (see  “Stearine 
Pitch,”  p.  205). 
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The  acid  saponification  process  leads  to  a greater  yield  of  solid 
material  than  does  the  autoclave  process.  Whereas  the  candle 
material  obtained  by  the  latter  process  amounts  to  46  to  47  per  cent 
(see  p.  179),  the  yield  of  “stearine”  by  sulphuric  acid  saponification 
is  from  61  to  63  per  cent;  hence  only  30  to  32  per  cent  of  oleic  acid 
result  as  a by-product  in  this  process,  as  against  47  per  cent  from 
the  autoclave  process. 

It  is  therefore  evident  that  a certain  amount  of  oleic  acid  has 
been  converted  into  solid  material.  The  chemical  change  taking 
place  has  already  been  incidentally  explained  in  Vol.  I.  Chap.  III. 
Owing  to  the  great  technical  importance  of  this  chemical  change,  the 
“ conversion  of  oleic  acid  into  candle  material  ” will  be  fully  con- 
sidered below  (p.  188).  It  may,  therefore,  suffice  here  to  state  that 
in  the  acid  saponification  process  from  15  to  17  per  cent  of  oleic  acid 
are  converted  into  solid  products,  chiefly  into  stearolactone  and  iso- 


Fig.  20. 


oleic  acid,  with  which  small  quantities  of  t-hydroxy stearic  acid  may 
be  admixed. 

In  the  early  years  of  candle  manufacture  the  acid  saponification 
process  was  applied  to  tallow  and  other  fats  of  good  quality  on 
account  of  the  higher  yield  of  candle  material,  the  great  loss  of 
glycerin  being  then  considered  of  minor  importance.  Since,  how- 
ever, the  remunerative  recovery  of  glycerin  has  led  to  the  adoption 
of  the  “mixed  process”  for  the  treatment  of  fat  of  good  quality,  it 
has  become — almost  generally — the  practice  to  treat  by  this  process 
low-class  material,  such  as  “ greases  ” and  all  kinds  of  “ waste  fats  ” 
(Chap.  XVI.).  This  process  commends  itself  all  the  more  in  these 
cases,  as  on  “autoclaving”  such  low-class  fats  extremely  persistent 
emulsions  are  formed  which  frequently  retain  the  glycerin  so  firmly 
entangled  that  it  can  only  be  separated  with  the  greatest  difficulty. 
Moreover,  the  increased  amount  of  solid  material  leads  to  a better 
crystallisation  of  the  resulting  fatty  acids. 
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The  progress  of  hydrolysis  of  the  acidified  fat  is  best  controlled 
in  the  manner  illustrated  by  the  table  given  in  Yol.  I.  Chap.  II. 

The  examination  of  the  press  cakes  (from  the  cold  press  as  well  as 
from  the  hot  press)  by  means  of  the  iodine  absorption  test  obviously 
does  not  lead  to  the  same  information  as  is  obtained  in  the  case  of 
autoclaved  material,  since  iso-oleic  acid  also  absorbs  iodine.  The 
press-operations  are  therefore  best  controlled  by  the  determination  of 
the  solidifying  point  of  the  fatty  acids  with  the  help  of  an  empirical 
table  worked  out  for  each  kind  of  fat  or  mixture  of  fats. 

As  an  example,  I give  the  following  table,  due  to  Y.  de  Schepper 
and  Geitel,1  computed  in  the  candle-works  of  Gouda  (Holland)  for 
tallow  and  palm  oil.  The  first  column  contains  the  solidifying 
points  of  the  various  intermediate  products  up  to  the  finished 
“ stearine.”  The  yields  of  “ stearine 55  of  the  solidifying  points 
recorded  in  the  first  horizontal  column  were  obtained  by  pressing  the 
hydrolysed  mass  at  different  temperatures. 


Solidifying. 

Point. 

Percentage  of  “ Stearine  ” 

of  Solidifying  Point  stated. 

Palm  Oil. 

Tallow. 

#0. 

48° 

50° 

52° 

55-4* 

48“ 

50* 

52° 

54-8* 

5 

10 

4*2 

*3*6 

3*3 

2-6 

3*2 

2*7 

*2*3 

2*1 

15 

10-2 

9-8 

7-8 

6-6 

7-5 

6-6 

5-7 

4-8 

20 

17*4 

15-0 

14-4 

11-0 

13-0 

11-4 

9-7 

8-2 

25 

26-2 

22-4 

19-3 

16-2 

19-2 

17-0 

14-8 

12-6 

30 

34-0 

30-5 

26-6 

22-3 

27-9 

23  2 

21-4 

18-3 

35 

45-6 

40-8 

35-8 

29-8 

39-5 

34-5 

30-2 

25-8 

36 

48*5 

43-2 

38-0 

31-8 

42-5 

36-9 

32-5 

27-6 

37 

51-8 

45*5 

40-3 

33-6 

46-0 

40-0 

34'9 

29-6 

38 

55-6 

48-8 

42-6 

35-8 

49-5 

42-6 

37-5 

32-0 

39 

59-2 

51-8 

45-6 

38-2 

53-2 

45-8 

40-3 

34*3 

40 

63-0 

55-2 

48-6 

40-6 

57-8 

49-6 

43-5 

37-0 

41 

66-6 

58-7 

52-0 

43-0 

62-2 

53-5 

47*0 

40*0 

42 

70-5 

62-2 

55-2 

45-5 

66-6 

57-6 

50-5 

42-9 

43 

74-8 

66-0 

58-8 

48-5 

71-8 

62-0 

54-0 

46-0 

44 

79-2 

70-2 

62-0 

51-4 

77-0 

66-2 

58-4 

49-8 

45 

84*0 

74-5 

66-0 

54-3 

81-8 

71-0 

62-6 

53-0 

46 

89*4 

78-8 

69-8 

57-8 

87-5 

75-8 

67-0 

56-8 

47 

94*3 

83-0 

74-0 

61-0 

93-3 

80-9 

71-5 

60-8 

48 

100-0 

88-0 

78-6 

65-0 

100-0 

87*2 

76-6 

65-0 

49 

• •• 

94-2 

83-5 

69-1 

1 

j 

93-0 

84-7 

69-5 

50 

• •• 

100-0 

89-0 

73-4 

100-0 

87-0 

74-5 

51 

M# 

... 

94-5 

78-0 

• •• 

... 

93-5 

79-8 

52 

• •• 

• •• 

100-0 

82-8 

• •• 

... 

100-0 

84-8 

53 

• •• 

... 

87-6 

• •• 

90-1 

54 

• •• 

• •• 

... 

92-2 

95-3 

55 

97 ’5 

(5*4*8) 

100-0 

55*4 

... 

... 

1000 

1 Dingl.  Polyt.  Journ.  245,  295. 
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The  stearine  obtained  by  this  process  is  known  in  commerce 
under  the  name  “ distilled  stearine.”  This  “ stearine  ” has  a lower 
solidifying  point  than  “ saponified  stearine  ” has.  Whereas  the  titer 
test  of  the  flatter  is,  as  a rule,  132°  F.  to  134°  F.,  the  best  com- 
mercial “distillation  stearine”  solidifies  at  129°  F.,  or  very  little 
above. 

The  “distilled  stearine”  consists,  therefore,  of  stearic,  palmitic, 
and  iso-oleic  acids,  with  which  small  amounts  of  hydroxystearic  acid 
and  of  stearolactone  may  be  admixed.  The  amount  of  stearolactone 
may  be  inferred  from  the  difference  between  the  saponification  and 
neutralisation  values  of  the  sample  (cp.  Vol.  I.  Chap.  VIII.). 

The  proportion  of  iso-oleic  acid  can  be  calculated  from  the  iodine 
value  of  the  sample,  the  assumption  being  made  that  oleic  acid  is 
entirely  absent. 

Stearic  acid  is  determined  direct  (Yol.  I.  Chap.  VIII.).  The 
presence  of  hydroxystearic  acid  is  ascertained  by  determining  the 
acetyl  value  (Yol.  I.  Chap.  VI.).  The  amount  of  palmitic  acid  is 
then  found  by  difference. 

The  oleic  acid  resulting  as  a by-product  in  this  process  is  termed 
“distilled  oleine,”  “distillation  oleine”  (cp.  p.  77). 

The  crude  glycerin  obtained  is  known  as  “ distillation  glycerin  ” 
(see  below) ; this  term  must  not,  however,  be  confounded  with 
“ distilled  glycerine.”  The  amount  of  recovered  crude  glycerin 
for  one  and  the  same  kind  of  fat  is  lower  than  in  the  autoclave 
processes.  A definite  figure  cannot  be  given,  as  the  yield  depends 
on  the  care  exercised  in  the  first  stages  of  the  process.  It  may, 
however,  be  added  that  in  well-managed  works  the  yield  from  good 
fats  containing  a small  quantity  of  free  fatty  acid  amounts  to  from 
8 to  9 per  cent  of  28°  B6.  “distillation  glycerin.” 

The  approximate  practical  yield  from  tallow  is  summarised  in  the 
following  table  : — 


Yield  from  100  parts  of  Tallow  by  the  Sulphuric  Acid  Saponification 

Process 


Candle  material  (stearic,  palmitic,  iso-oleic,  hydroxy- 
stearic acids,  and  stearolactone) 

Oleic  acid  (containing  iso-oleic) 

Crude  glycerin,  specific  gravity  1 *240 

Pitch  ; Loss  ...... 


61-63  per  cent. 
30-32 


(4)  The  Mixed  Process 

From  the  above-given  data  regarding  the  yields  of  candle  material 
and  crude  glycerin  it  will  be  gathered  that,  on  the  one  hand,  more 
candle  material  is  obtained  in  the  “acid  saponification  process”  than 
by  autoclaving  the  fatty  materials,  whereas,  on  the  other  hand,  a 
larger  amount  of  glycerin  of  better  quality  results  from  the  autoclave 
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process.  Hence  a combination  of  these  two  processes  suggests  itself, 
for  as  regards  increase  of  candle  material  the  action  of  sulphuric 
acid  on  olein  is  apparently  the  same  as  on  oleic  acid.  The  combined 
method,  known  as  the  “mixed  process,”  consists  in  hydr.olysing  the 
fatty  material  in  an  autoclave  by  means  of  bases,  thus  recovering  the 
full  amount  of  glycerin,  and  then  treating  the  fatty  material  with  con- 
centrated sulphuric  acid  in  the  manner  described  under  (3)  (p.  181). 
Any  neutral  fat  which  has  escaped  hydrolysis  in  the  autoclave  is  thus 
saponified.  Therefore,  in  the  subsequent  distillation  of  the  acidified 
material  less  neutral  fat  can  accumulate  in  the  still  than  is  the  case 
when  autoclaved,  non-acidified,  fatty  acids  are  distilled.  Hence  the 
amounts  of  hydrocarbons  in  the  distillates  are  also  reduced.  This 
will  be  gathered  from  a comparison  of  the  following  tables,  due  to 
Kassler,1  with  the  corresponding  table  given  p.  180. 


Yield  from  Autoclaved  and  Acidified  Fatty  Acids  on  Distillation 


No.. 

From 

Quantity 

distilled. 

Duration  of 
Distillation. 

Distillate  for 
Presses. 

“ Still- 
Returns.  ” 

“ Stearine 
Pitch.” 

Tons. 

Hours. 

Per  cent. 

Per  cent. 

Per  cent. 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

1 

Tallow  . 

5 

7 

34 

33 

94 '8 

94-6 

2-0 

2-6 

32 

2-8 

2 

Bone  fat 

5 

5*6 

35 

34 

92-8 

90-3 

4-2 

5-4 

3-0 

4-3 

3 

Palm  oil 

5 

5 

36 

32 

91*6 

91-0 

4-6 

5-3 

00 

CO 

37 

1 Augsburger  Seifensieder  Zeitung , 1902,  349  ; Ohcm.  Rev.  1902,  50. 
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Distillation  of  Autoclaved  and  Acidified  Fatty  Acids 


A 

M £ 

Tallow  Acids  of  Solidifying 
Point  42*2°  C.,  containing  : 
Oleic  Acid,  29 ‘8  per  cent ; 
Neutral  Fat,  0-4  per  cent. 

Bone  Fat  Acids  of  Solidifying 
Point  40 '4°  C.,  containing  : 
Oleic  Acid,  42*2  per  cent. ; 
Neutral  Fat,  0*5  per  cent. 

Palm  Oil  Acids  of  Solidifying 
Point  42 ‘8°  C.,  containing: 
Oleic  Acid,  42*8  per  cent.; 
Neutral  Fat,  0‘5  per  cent. 
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a 
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Per 

Per 

Per 

Per 

Per 

Per 

° n 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

5 

41*7 

33-1 

4-0 

37-8 

50*3 

5-9 

45-9 

51*2 

6*0 

6 

41*9 

33-8 

4-3 

37-9 

51-1 

6*0 

45*9 

51*5 

6*0 

7 

42*2 

34-4 

4*5 

38-3 

51-5 

6*3 

46*0 

52*4 

6*3 

8 

42-5 

35-0 

4*7 

38-3 

51-9 

6-3 

45-8 

52*4 

7*0 

9 

42-7 

35*7 

5-5 

38*3 

52*3 

6*8 

44 '8 

53*3 

7*5 

10 

42 '7 

36-1 

5*5 

38 '3 

53-0 

8*0 

44*2 

53*8 

7*5 

11 

42*7 

36-6 

5-8 

38-4 

53-4 

8-2 

43-8 

54*2 

5*0 

12 

43*0 

36-9 

5*8 

38*5 

53-8 

8*3 

42*9 

54*7 

4*2 

13 

43*0 

37-7 

6-0 

39*5 

54-2 

8-3 

42*7 

54*8 

3*0 

14 

43-3 

38*3 

6*3 

39*6 

547 

6*2 

41-8 

55*8 

2*8 

15 

43-5 

38-8 

5-9 

39*7 

55*7 

6-0 

6-3 

41-0 

56*5 

2*8 

16 

43-8 

39-1 

5*7 

39*9 

58-6 

3-2 

0*5 

41-0 

57*2 

2*8 

17 

44*1 

39-6 

57 

40-0 

58-6 

3-0 

0-9 

40-8 

58*0 

1*0 

6*2 

18 

44-4 

40*4 

5-0 

40*2 

59-1 

2 ’2 

1-1 

40*5 

59*1 

0*3 

19 

44*6 

40-8 

3-7 

0*2 

40-2 

59-3 

1-4 

1*3 

40-1 

59*9 

0*5 

20 

45-0 

41-3 

3*3 

0*5 

40*5 

597 

0-5 

1-5 

39*8 

60*7 

0*5 

21 

45-2 

41-5 

3*0 

07 

407 

60*4 

1-9 

39*8 

61*5 

0*6 

22 

45-2 

42-2 

1*1 

0*7 

40*8 

60-9 

2 '2 

39-3 

61*6 

0*8 

23 

45*8 

42-2 

1-2 

41-0 

61-5 

27 

39*0 

61*9 

2*0 

24 

45-0 

42-4 

1-3 

40-8 

61-5 

3-0 

38*8 

63*0 

2*2 

25 

427 

42-5 

1-8 

39*9 

61*8 

3-6 

38*8 

63*0 

2*7 

The  “ still -returns  ” of  the  “Tallow  Acids”  and  “Bone  Fat 
Acids”  of  table  p.  180,  and  of  Nos.  1,  2,  3 of  the  table  given 
p.  186,  Collected  together  and  again  distilled,  gave  the  following 
result  ( Kassler : — 


Distillation  of  “ Still-Returns  ” 


Quantity 

distilled. 

Duration  of 
Distillation. 

Distillate  for 
Presses. 

Second 

“ Still-Returns  ” 
(“Green  Oil”). 

Stearine  Pitch. 

Tons. 

2*5 

Hours. 

23 

Per  cent. 
77*2 

Per  cent. 

17*0 

Per  cent. 

5*8 

The  yield  obtainable  from  neutral  fats  by  the  “ mixed  process 
should  therefore  be  : — 


1 Ghem.  Revue,  1902,  74. 
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Yield  from  100  parts  of  Tallow  by  the  “ Mixed  Process 


Candle  material  . 

Oleic  acid 

Crude  glycerin,  specific  gravity  T240 
Pitch ; Loss  . 


61-63  per  cent. 
32-30 
10-10 


Conversion  of  Oleic  Acid  into  Candle  Material1 

It  has  been  shown  that  in  the  “ acid  saponification  process  ” 
about  30  per  cent  of  oleic  acid  are  obtained  as  a by-product.  Ever 
since  candle-making  from  “ stearine  ” was  introduced,  numerous 
workers  have  endeavoured  to  convert  oleic  acid  completely  into  a 
saturated  acid,  or  at  least  into  candle  material. 

The  earliest  attempts  were  directed  to  the  reduction  of  oleic  acid 
into  stearic  acid.  It  has  been  pointed  out  above  (Vol.  I.  Chap.  III.) 
that  whereas  the  lower  members  of  the  oleic  acid  series  can  be 
converted  into  saturated  acids  by  means  of  sodium  amalgam  in 
alkaline  solution,  oleic  acid  does  not  take  up  hydrogen  under  these 
conditions. 

Oleic  acid  can  be  reduced  to  stearic  acid  by  means  of  fuming 
hydriodic  acid  and  phosphorus  (Vol.  I.  Chap.  III.),  but,  viewed  as  the 
basis  of  a commercial  process,  this  reaction  must  be  looked  upon  as  hope- 
less. By  heating  oleic  acid  with  1 per  cent  of  iodine  to  270°-280°  C., 
P.  de  JVilde  and  Reychler  only  succeeded  in  obtaining  about  7 0 per  cent 
of  stearic  acid.  Moreover,  not  more  than  one-third  of  the  iodine  used 
could  be  recovered ; hence  also  this  process  had  to  be  abandoned. 
Even  when  the  iodine  was  partly  or  wholly  substituted  by  the  cheaper 
bromine  or  chlorine,  commercial  failure  resulted.  The  process  had  a 
fair  trial  on  a large  scale  in  a Belgian  candle-works,  but  the  large 
amount  of  valueless  by-products,  coupled  with  the  fact  that  no 
material  from  which  the  autoclaves  were  made  could  resist  the 
corrosive  effect  of  the  halogens,  showed  once  more  that  beautiful 
laboratory  experiments  but  too  often  lead  to  unfavourable  results 
in  large-scale  operations. 

The  action  of  chlorine  on  oleic  acid,  and  the  reduction  of  the 
chloro-derivatives  under  pressure  by  means  of  zinc  or  iron  powder, 
has  been  made  the  subject  of  a German  patent  by  Ziirrer , who  claims 
to  have  obtained  solid  saturated  fatty  acids.2  Since,  however,  oleic 
acid  is  regenerated  on  the  reduction  of  monochlorostearic  acid,  as 
laboratory  experiments  show,  this  process  cannot  be  a feasible  one. 
Indeed,  as  far  as  the  author  has  been  able  to  ascertain,  this  process 
has  not  been  worked  on  a commercial  scale. 

I have  carried  out  a number  of  experiments  in  a similar  direction 

1 Cp.  Lewkowitsch,  “On  Attempts  to  convert  Oleic  Acid  into  Candle  Material — I.,” 
Journ.  Soc.  Chem.  Ind.  1897,  390;  and  “The  Conversion  of  Oleic  Acid  into  Candle 
Material — II.,”  ibid.  1908,  489. 

2 German  patent  62,407,  1892. 


XV 


CONVERSION  OF  OLEIC  ACID  INTO  CANDLE  MATERIAL  189 


with  bromo-derivatives  of  stearic  acid  obtained  by  converting  oleic 
acid  into  monobromostearic  acid  as  also  into  dibromostearic  acid, 
but  on  reducing  the  products  by  means  of  hydrogen  no  stearic  acid 
was  obtained. 

The  conversion  of  oleic  acid  into  'palmitic  acid , as  indicated  by 
Varrentrapp’s  reaction  (Vol.  I.  Chap.  III.),  has  been  repeatedly  tried 
on  a large  scale ; lastly  by  Radisson  in  Fournier’s  works  at  Marseilles.1 
Although  candles  made  by  this  process  were  shown  at  the  Paris 
Exhibition  of  1878,  they  have  disappeared  from  the  market  on 
account  of  their  rank  odour  and  their  greasy  touch.  The  writer 
ascertained 2 that  the  process  was  abandoned  not  only  for  the  reasons 
stated,  but  also  on  account  of  the  high  cost  and  the  great  danger 
attending  the  process  in  consequence  of  the  evolution  of  hydrogen. 

The  conversion  of  oleic  acid  into  elaidic  acid  (Vol.  I.  Chap.  III.), 
although  frequently  patented,  does  not  lead  to  technically  useful 
results.  The  conversion  of  oleic  acid  into  elaidic  acid  by  means  of 
nitrous  acid  is  not  complete,  hence  the  purification  of  the  crude 
elaidic  acid  alone  renders  this  process  unremunerative.  * The  change 
of  oleic  acid  into  elaidic  acid  by  means  of  sodium  bisulphite  is  a 
reversible  one,  and  therefore  leads  to  a low  yield  of  elaidic  acid. 
Moreover,  elaidic  acid,  even  if  pure,  is  not  a good  candle  material. 

The  action  of  zinc  chloride  on  oleic  acid  with  a view  to  converting 
it  into  solid  material  has  been  tried,  at  temperatures  of  about  200°  C., 
without  commercial  success.  The  study  of  the  reaction  was  again 
taken  up  by  M.  v.  Schmidt.  10  parts  of  oleic  acid  were  heated  with 
1 part  of  zinc  chloride  to  exactly  185°  C.,  until  a sample  after  being 
boiled  with  hydrochloric  acid  solidified  on  cooling.  The  resulting 
product  was  then  repeatedly  boiled  out,  first  with  hydrochloric  acid, 
and  finally  with  water.  The  crude  product  obtained  by  the  inter- 
action of  zinc  chloride  and  oleic  acid  had,  according  to  Benedikt ,3  the 


following  composition : — 

Per  cent. 

Liquid  anhydrides  .... 

8 

Stearolactone  ..... 

28 

Oleic  and  iso-oleic  acids 

40 

/3-Hydroxy stearic  acid  (t-hydroxy stearic) 

22 

Saturated  fatty  acids  (by  difference)  . 

2 

100 

[In  examining  this  process  on  a laboratory  scale  I found  no  solid 
saturated  acids  other  than  hydroxystearic  acid.4  Eecently  Shukoff 
and  SchestaJcoff  stated  that  they  never  obtained  more  than  8-9  per 
cent  of  stearolactone.5] 

The  crude  product  was  distilled  in  a current  of  superheated 

1 Journ.  Soc.  Chem.  Ind.  1883,  98  ; 1884,  200. 

2 Technical  Report  on  the  Paris  Exhibition,  Chem.  Zeit.  1889,  1190. 

a Benedikt,  Monatshefte  f.  Chem.  1890,  71  ; Journ.  Soc.  Chem.  Ind.  1890,  658. 

4 Lewkowitsch,  Journ.  Soc.  Chem.  Ind.  1897,  392. 

5 Journ.  f.  prakt.  Chem.  1903  (67),  418. 
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steam,  and  the  distillate  separated  by  hydraulic  pressure  into  candle 
material  and  oleic  acid.  The  candle  material  thus  prepared  gave  on 
analysis  the  following  result : — 


Per  cent. 

Stearolactone  . 

75-8 

Iso-oleic  acid  . 

15-7 

Solid  fatty  acids 

8 '5 

100-0 


M.  v . Schmidt's  process  was  tried  on  a large  scale  in  an  Austrian 
candle-works.  The  quantity  of  oleic  acid  that  remained  unattacked, 
and  the  considerable  amount  of  liquid  unsaponifiable  substances 
formed  was  so  great,  that  the  process  had  to  be  abandoned. 

Zinc  chloride  seems  to  act  on  oleic  acid  in  a manner  analogous  to 
the  action  of  concentrated  sulphuric  acid  (cp.  also  “ Polymerised  Castor 
Oil,”  p.  102).  Very  likely  two  isomeric  zinc  chloride  addition-com- 
pounds are  formed,  which  are  subsequently  decomposed  on  boiling 
with  dilute  hydrochloric  acid  into  zinc  chloride  and  two  isomeric 
hydroxystearic  acids,  one  of  which  is  changed  into  stearolactone  with 
loss  of  one  molecule  of  water. 

At  present  the  only  process  for  the  conversion  of  oleic  acid  into 
candle  material,  adopted  in  practice,  rests  on  the  interaction  of  sulphuric 
acid  with  oleic  acid.  Geitel 1 has  shown  that  on  dissolving  oleic  acid 
in  cold  concentrated  sulphuric  acid,  stearic  acid  hydrogen  sulphate  is 
formed.2  On  subsequently  boiling  the  product  with  water,  t-hydroxy- 
stearic  acid  and  small  quantities  of  stearolactone  are  obtained,  and  on 
distilling  the  mass  in  a current  of  steam,  as  is  done  on  a large  scale, 
the  stearolactone  passes  over  unchanged,  whereas  the  i-hydroxystearic 
acid  is  converted  into  oleic  and  iso  - oleic  acids.  Besides,  liquid 
anhydrides  are  formed.  This  play  of  (partly  reversible)  reactions 
explains  why,  on  working  the  sulphuric  acid  saponification  on  a 
large  scale,  out  of  the  47  per  cent  of  oleic  acid  obtainable  from 
tallow  in  the  autoclave  process  (p.  179),  only  15-17  per  cent  are 
converted  into  candle  material,  30  per  cent  of  oleic  acid  still  being 
obtained  as  a by-product. 

The  rationale  of  the  chemical  action  taking  place  when  sulphuric 
acid  acts  on  oleic  acid  in  the  cold  may,  perhaps,  be  explained  as 
follows  ( LewJcowitsch  3)  : — 

In  the  first  instance  sulphuric  acid  is  assimilated  by  oleic  acid,  much 
as  bromine  is  absorbed  by  the  latter,  with  the  formation  of  saturated 
products.  But  in  the  present  case  there  is  this  important  difference, 
that  since  two  different  groups,  SOsH  and  OH,  are  absorbed,  two 
products  may  be  expected,  according  as  to  whether  the  SOsH  group  is 
assimilated  by  the  i or  the  6 carbon  atom  ; thus — 

1 Cp.  Vol.  I.  Chap.  III. 

2 Dubovitz  (Augsb.  Seifens.  Zeit.  1908,  729)  suggests  that  some  reactions  of  the  com- 
pound may  be  best  explained  by  the  formula  C^Hg^COOH)  - S04  - C17H34(COOH). 

3 Cp.  Journ.  Soc.  Chem.  lnd.  1897,  392. 
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yields 


and 


(CH3)  • (CH2)7  • CH  = CH-(CH2)7  • COOH 

Oleic  acid. 

t e 

(1)  (CHg)  • (CH2)7  - CH  - CH  - (CH2)7  - COOH 

I I 

so3h  oh 

t-Sulphohydroxystearic  acid. 


(2)  (CH3)  • (CH2)7  - CH  - CH  - (CH2)7  - COOH 
OH  S03H 

0-Sulphohydroxystearic  acid. 


As  there  is  no  reason  why  the  one  acid  should  be  formed  in 
preference  to  the  other,  it  may  be  assumed  that  both  acids  are  formed 
in  equal  proportions.1  These  acids  are  not  very  stable,  and  by  merely 
allowing  the  crude  product  to  stand,  enough  moisture  is  absorbed  to 
lead  to  a portion  being  split  up  into  S04H2  and  hydroxylated  acids. 
This  may  be  explained  by  the  following  equations  : — 


(1)  (CH3)  • (CH2)7  • CH-CH-(CH2)7  • C00H  + H20  = 

S03H  OH 

(CH3)  • (CH2)7  • CH2-CH  • (CH2)7  ■ COOH  + S04H2 
OH 

0-Hydroxystearic  acid. 

i d 

(2)  (CH3)  • (CH2)7  • CH-CH  • (CH2)7  • cooh  + h2o  = 

OH  S03H 

CHs  . (CH2)7  • CH-CH2  • (CH2)7  . cooh  + so4h2 


OH 

-Hydroxystearic  acid. 


The  hydroxystearic  acid  termed  here  6- hydroxystearic  acid, 
immediately  undergoes  dehydration  with  the  formation  of  a lactone 
which  has  been  described  hitherto  as  y-stearolactone  (Yol.  I.  Chap.  III.). 
Shukoff  and  Schestakoff  ascribe  to  this  lactone  the  formula  of  a y-lactone, 
thus — 

C14H29CH  • CH2  • CH2  • CO  ; 

0 

hence  a molecular  rearrangement  must  be  assumed  to  have  taken 
place  (cp.  Yol.  I.  Chap.  III.). 

Another  portion  of  the  sulphohydroxystearic  acid  remains  un- 
changed, but  on  boiling  the  crude  mass  with  water  the  undecomposed 
portion  also  is  converted  into  stearolactone  and  i-hydroxystearic  acid, 
as  shown. 

1 On  sulphonating  oleic  acid  with  concentrated  sulphuric  acid  at  0°  C.  and  treating 
the  product  of  the  reaction  with  water,  50  per  cent  of  stearolactone  are  stated  to  be 
formed  (David,  Cornpt.  rend.  1897  (124),  466). 
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In  the  subsequent  distillation  of  the  washed  product  the  stearo- 
lactone  already  formed  passes  over  unchanged,  together  with  part  of 
the  i-hydroxystearic  acid,  whereas  another  part  of  the  latter  is 
dehydrated  and,  according  as  to  whether  the  OH  group  takes  up 
hydrogen  from  its  right  or  left  CH2  group,  is  converted  into  oleic 
and  iso-oleic  acids ; thus — 

(1)  CH3  • (CH2)7-CH-CH2  • (CH2)7  . C00H-H20  = 

| CH3(CH2)7CH  = CH  • (CH2)7COOH 

OH  Oleic  acid. 

(2)  CH3  • (CH2)7  - CH  - CH2  • (CH2)7  • COOH  - H20  = 

| CH3(CH2)6CH  = CH  • (CH2)8COOH 

OH  Iso-oleic  acid. 

Here,  again,  there  is  no  reason  why  oleic  and  iso-oleic  acids  should 
not  be  formed  in  equal  proportions.  It  is  evident  that  unless  distilla- 
tion can  be  avoided,  a complete  conversion  of  oleic  acid  into  solid 
products  cannot  be  effected. 

In  the  “ acid  saponification  ” process  the  interaction  takes  place 
at  a high  temperature,  and  it  is  therefore  readily  intelligible  that, 
since  the  chemical  changes  involved  are  reversible,  a limit  is  reached 
beyond  which  the  proportion  of  converted  oleic  acid  cannot  be 
increased. 

With  a view  to  ascertaining  how  far  the  conversion  into  saturated 
products  takes  place,  Lewkowitsch 1 examined  the  action  of  sulphuric 
acid  of  varying  strengths  on  oleic  acid,  both  on  a laboratory  and  on 
a large  scale.  The  results  are  given  in  the  following  table  : — 

1 Journ.  Soc.  Cliem.  Ind.  1897,  392. 
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Action  of  Sulphuric  Acid  of  Varying  Strength  at  5°  C.  on  Oleic  Acid 
of  Iodine  Value  80  ( Lewkowitsch ) 


Oleic  Acid. 

1 

Sulphuric  Acid. 

Iodine 

Value 

Molecules. 

Containing  SO4H2. 

I Molecules. 

of  the 
Product. 

1 

Per  cent. 
95 

1 

39-83 

1 

95 

1 

3373 

1 

95 

1 

47-23 

1 

103 

1 

26-26 

1 

(fuming  acid) 
103 

1 

20-43 

1 

(fuming  acid) 
95 

2 

10-9 

1 

95 

2 

10-86 

1 

95 

2 

10-28 

1 

95 

2 

11-15 

1 

95 

2 

14-99 

1 

92 

2 

23-02 

1 

92 

2 

24-06 

1 

103 

2 

10-28 

1 

(fuming  acid) 
100-5 

2 

14-40 

1 

(mixture  of 
fuming  and  con- 
centrated acids)  i 
100-5 

2 

14-41 

i 

(mixture  of 
fuming  and  con- 
centrated acids) 
95 

2*5 

1673 

1 

92-5 

2'5 

23-60 

1 

93 

2-5 

19-61 

1 

95 

3 

6-74 

1 

95 

3 

8-46 

1 

103 

3 

16-04 

(fuming  acid) 

It  will  be  seen  that,  contrary  to  expectation,  the  greatest  amount 
of  saturated  products  is  not  obtained  when  acid  containing  100  and 
more  per  cent  of  S04H2  is  used.  The  crude  products  gave  on  ex- 
amination the  following  results  : — 


[Table 
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The  crude  product  was  distilled  with  superheated  steam,  and  gave 
the  numbers  contained  in  the  following  table : — 


Distillation  of  Crude  Products  with  Superheated  Steam  (. LewJcowitsch ) 
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cent. 
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The  several  fractions  obtained  from  the  crude  products,  Nos.  1,  2, 
and  3,  gave  the  numbers  stated  in  the  following  tables : — 


Characteristics  of  the  several  Fractions  of  Crude  Product  No.  1 


Laboratory  Experiment. 

, Works’  Experiment. 

First 

Fraction. 

Second 

Fraction. 

Third 

Fraction. 

Fourth 

Fraction. 

First 

Fraction. 

Second 

Fraction. 

Third 

Fraction. 

I 

Bulk. 

Iodine  value  . 

5S 

S4-3 

S3-8 

82-4 

82 -S 

85*2 

65-8 

77-1 

Neutralisation 

value 

192 

196-5 

196-9 

1S8-1 

197-5 

197-3 

194-1 

197-5 

Saponification 

value 

201 

201-2 

199-9 

194-9 

, 200-7 

200-0 

1S8-9 

201-3 

Melting  point, 
°C. 

Liquid 

27-2-2S-3 

27-2-29 

25*5-29 

20-2 

25-3 

24-9 

23-45 

1 

Characteristics  of  the  several  Fractions  of  Crude  Product  No.  2 


Laboratory-  Experiment. 

First 

Fraction. 

Second 

Fraction. 

Third 

; Fraction. 

Iodine  value 
Neutralisation  value  . 
Saponification  value  . 
Melting  point,  ° C. 

56-6 

197*6 

201*7 

Liquid 

78*5 

198*2 

199-9 

26*6-28*3 

82*2 

194*6 

198-4 

26-6-29 

Characteristics  of  the  several  Fractions  of  Crude  Product  No.  3 


' 

Laboratory  Experiment. 

First 

Fraction. 

Second 

Fraction. 

Third 

Fraction. 

Fourth 

Fraction. 

Iodine  value  . . j 

Neutralisation  value  . 
Saponification  value  . 
Melting  point,  ° C. 

61*9 

204-5 

209*1 

Liquid 

73-4 

200*5 

203*3 

Liquid 

81*4 

198*9 

199*7 

! 26*1-27*2 

84-1 
192*8 
194*5 
! 29-29-4 

It  should  be  borne  in  mind  that  the  iodine  numbers  correspond 
to  a mixture  of  oleic  and  iso-oleic  acids.  The  melting  points  of  the 
products  show  that  considerable  quantities  of  iso-oleic  acid  have  been 
formed.  The  small  differences  between  the  saponification  and  the 
neutralisation  values  prove  that  stearolactone  is  present  in  small 
quantities  only. 

David's 1 statement  that  18-20  per  cent  of  stearolactone  are  formed 

1 Journ.  Soc.  Chem.  Ind.  1897,  339.  Cp.  French  patent  252,263. 
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in  the  cold  by  washing  the  product  of  interaction  of  oleic  and  sul- 
phuric acids  with  an  equal  volume  of  water,  removing  the  acid  layer, 
dissolving  the  oily  layer  in  an  equal  volume  of  water,  and  allowing 
to  stand  for  twelve  hours,  has  been  shown  by  LewJcowitsch 1 to  be 
erroneous,  for  the  separated  crystals  were  practically  nothing  else 
but  i-hydroxystearic  acid. 

Lewkowitsch' s stricture  has  been  confirmed  later  on  by  Shukoff.2 

Experiments  made  with  a view  to  simulating  the  conditions  which 
obtain  in  practice  in  the  acid  saponification  process,  by  allowing 
sulphuric  acid  to  interact  with  oleic  acid  at  132°  C.,  and  by  subse- 
quently distilling,  are  detailed  in  the  following  tables  : — 


Product  obtained  by  the  Interaction  of  Sulphuric  Acid  and  Oleic  Acid 
at  132°  C.,  and  subsequent  distillation.  (Works'  Experiment.) 
(Lewkowitsch.) 


Iodine 

Value. 

j Neutral- 
isation 
Value. 

Saponi- 

fication 

Value. 

Melting 

Point. 

Crude  product  .... 

53-90 

169-8 

°C. 

Bulk  distillate  from  crude  product 
Bulk  distillate  : — 

71-60 

180-2 

202-0 

20-70 

Cold-pressed  cake  . 

69-45 

195-5 

207-8 

30-80 

, , oil 

Hot-pressed  cake  . . . 

72-10 

184-8 

202-2 

Liquid 

202-8 

2067 

43-05 

(Titer  test) 

Product  obtained  by  the  Interaction  of  Sulphuric  Acid  and  Oleic  Acid 
at  132°  C.,  and  subsequent  distillation.  (Laboratory  Experiment.) 
(Lewkowitsch.) 


Yield. 

Neutralisation 

Value 

Saponification 

Value. 

Melting 

Point. 

First  fraction  . 
Second  ,, 
Third  ,, 
Residue  . 

Loss 

Per  cent. 
10*8 
39-0 
16-6 
29-4 
4-2 

181-16 
167-38 
| 152-68 

201-3 

193-9 

191-9 

°C. 

Liquid 
25  5-30 
25-5-32 

Although  the  proportion  of  stearolactone  in  these  products  is 
higher  than  in  the  crude  products  described  in  tables  pp.  195  and 
196,  still  the  results  set  out  in  the  last  two  tables  prove  that  the 
interaction  of  sulphuric  acid  with  oleic  acid  at  high  temperatures 
cannot  lead  to  a technically  valuable  process. 

Finally,  I give  the  results  of  an  experimental  distillation  of  a 
crude  product,  obtained  by  the  interaction  of  one  molecule  each  of 

1 Joum.  Soc.  Chem.  hid.  1897,  390. 

2 French  patent  328,604  ; German  patent  150,798. 
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oleic  acid  and  of  sulphuric  acid  of  95  per  cent  S04H9,  after  freeing 
it  from  hydroxy  stearic  acid. 


Distillation  of  Crude  Product  freed  from  Hydroxy  stearic  Acid 
(LewJcowitsch) 


Yield. 

Melting  Point. 

I. 

II. 

I. 

II. 

First  fraction  . 
Second  ,. 
Third  . 

Fourth  ,, 
Residue  . 

Loss 

| 

Per  cent. 
24*0 
24*0 
/ 32'9\ 
l 7*8j 
5*1 
6-2 

Per  cent. 
23-4 
29-2 
( 13*91 
\22'9/ 
5*7 
4*9 

°C. 

Liquid 

24-29 

24-4-29-4 

20-0-25*5 

•c. 

Liquid 

Oily 

24-4*27-7 

26-6-30-5 

The  considerable  amount  of  liquid  products  obtained  must  not 
be  looked  upon  as  consisting  entirely  of  unchanged  oleic  acid.  These 
liquid  substances  contain  anhydrides,  or  polymerisation  products. 

Hausamann 1 acidifies  the  mixed  fatty  acids,  obtained  in  an  auto- 
clave in  the  usual  manner,  at  an  elevated  temperature  with  concen- 
trated sulphuric  acid,  after  which  the  mass  is  distilled.  The  distillate 
is  cooled  till  the  mass  has  solidified  completely,  and  is  then  treated 
once  more  with  sulphuric  acid  in  the  cold.  The  example  which  the 
inventor  gives  is  not  very  encouraging,  as  the  second  treatment  only 
raises  the  titer  test  of  the  once  acidified  fatty  acids  from  40°  C.  to 
43*5-44°  C.  Moreover,  he  himself  declares  that  it  is  impossible  to 
convert  the  total  quantity  of  the  oleic  acid  into  solid  material.  This 
is,  of  course,  due  to  the  formation  of  anhydrides. 

K.  Hartl 2 endeavoured  to  avoid  the  drawback  inherent  to  the 
process  of  distilling  the  acidified  mass  (see  above,  p.  190,  and  below) 
by  purifying  oleic  acid  (or  the  mixed  fatty  acids)  by  distillation  and 
by  treating  the  distillates  subsequently  with  concentrated  sulphuric 
acid.  As  I have  pointed  out  elsewhere,3  it  is  difficult  to  see  any 
novelty  or  advantage  in  this  method.  Shortly  afterwards  HartVs 
patent  was  cancelled. 

A.  A.  ShuJcoff 4 avoids  temperatures  exceeding  100°  C.  in  the 
acidifying  process,  and  aims  at  the  direct  production  of  stearolactone, 
by  acidifying  with  the  theoretical  amount  of  concentrated  sulphuric 
acid  of  64°  Be.  at  temperatures  lying  between  70°  and  80°  C.  The 
reaction  requires  from  seven  to  twelve  hours  for  completion.  The 
final  product  which  I had  occasion  to  examine  was  perfectly  white 
and  hard  ; it  was  practically  pure  stearolactone,  for  its  acid  value 

1 French  patent  335,768,  1903.  2 German  patent  148,062,  1903. 

3 Jahrbuch  der  Chemie,  xiii.  414. 

4 French  patent  328,604,  1903  ; German  patent  150,798.  Cp.  also  Vol.  I. 
Chap.  III.  “Oleic  Acid.” 
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was  nil ; its  saponification  value  was  199-3,  and  its  iodine  value  1*1. 
An  intermediate  product,  requiring  further  purification,  had  the 
following  characteristics  ( Lewkowitsch ) 


Of  course,  the  conversion  of  oleic  acid  into  the  solid  product  is 
not  complete.  The  inventor  states  that  the  yield  of  candle  material 
is  satisfactory.  As  far  as  the  author  is  aware,  this  process  has  not 
been  taken  up  by  other  manufacturers.  It  is  noteworthy  that  the 
melting  points  of  mixtures  of  the  lactone  with  paraffin  wax  are  the 
arithmetical  means  of  the  melting  points  of  the  two  components. 

The  patent  specifications  of  Dreymann 1 offer  no  novelty  as 
regards  the  acidification  and  increased  yield  of  candle  material.  It 
need,  therefore,  only  be  mentioned  that  the  inventor  adds  before 
distillation  an  oxide  or  carbonate  to  the  acidified  and  washed  mass, 
in  order  to  neutralise  any  sulphuric  acid  left  in  it. 

P.  Wunder 2 combines,  as  it  were,  the  acid  saponification  process 
with  the  process  described  under  (1),  by  acidifying  fats  with  5 to  15 
per  cent  of  sulphuric  acid  of  66°  B6.  whilst  a current  of  superheated 
steam,  at  150°  C.,  is  passed  through  the  mixture.  The  oleic  acid 
pressed  off  the  saponified  mass  is  reintroduced  into  the  process,  and 
the  inventor  claims  thus  to  obtain  85  to  90  per  cent  of  solid  fatty 
acids.  Whilst  the  reintroduction  of  the  oleic  acid  can  hardly  be 
considered  a novelty,  the  high  yield  of  solid  fatty  acids  must  be  open 
to  grave  doubts. 

Lewkowitsch  3 suggested,  as  a practical  working  method,  to  remove 
from  the  acidified  mass,  after  treatment  with  water,  the  hydroxy- 
stearic  acid  formed  thereby,  since  during  distillation  of  the  acidified 
mass  hydroxystearic  acid  is  broken  down  to  a mixture  of  oleic  and 
iso-oleic  acids.  The  large-scale  experiments  were,  however,  not  con- 
tinued for  a sufficient  length  of  time  to  arrive  at  definite  results. 
The  work  was  taken  up — independently — by  the  Standard  Oil 
Company  of  Whiting,  near  Chicago,  and  led  to  a process  of  making 
hydroxystearic  acid  from  oleic  acid.4  The  modus  operandi  is  as 
follows  : — Oleic  acid  is  dissolved  in  light  petroleum  ether  (1  volume 
of  acid  and  2 volumes  of  oil)  and  is  then  treated  with  sulphuric  acid. 
The  process  is  carried  out  at  the  low  temperature  of  40°  F.,  hence 
the  chemical  reaction  is  easily  controlled,  and  the  injurious  influence 
of  a rise  of  temperature  is  more  easily  prevented  than  when  oleic 
acid  alone  is  employed.  The  acidified  mass  is  treated  with  steam  so 
as  to  obtain  hydroxystearic  acid.  Thus  50  per  cent  of  the  oleic  acid 

1 English  patent  19,988,  1905  ; French  patent  358,212  ; German  patent  166,610. 

2 German  patent  116,695,  1895. 

3 Journ.  Soc.  Chem.  Ind.  1897,  393. 

4 United  States  patent  772,129,  W.  M.  Burton,  Assignor  to  the  Standard  Oil  Com- 
pany, 11th  October  1904  ; English  patent  20,474,  1904  ; French  patent  348,089. 
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are  stated  to  become  converted  into  hydroxystearic  acid.  On  cooling 
the  solution  the  hydroxystearic  acid  separates  in  the  crystalline 
form ; the  crystals  are  filtered  and  dried  in  a centrifugal  machine, 
and  are  then  ready  for  use.  By  driving  off  the  solvent  from  the 
filtrate,  unattacked  oleic  acid  and  stearolactone  are  recovered  ; they  are 
then  purified  by  distillation,  and  again  subjected  to  the  same  treat- 
ment with  sulphuric  acid.  The  yield  of  hydroxystearic  acid  is  stated 
to  be  85  to  90  per  cent.  The  melting  point  of  the  hydroxystearic  acid 
is  higher  than  that  of  stearic  acid,  but  this  property  alone  does  not 
yet  prove  that  the  former  is  suitable  for  candle -making.  This  is 
borne  out  by  a statement  made  in  a later  specification,1  viz.  that 
hydroxystearic  acid,  when  mixed  with  paraffin  wax  in  as  low  a pro- 
portion as  15  to  25  per  cent,  does  not  furnish  saleable  candles,  inas- 
much as  it  causes  “ stratification  ” in  the  moulded  candle,  and  tends 
to  accumulate  at  the  extremities  of  the  candle.  The  seriousness  of 
this  drawback  will  be  better  understood,  if  it  be  remembered  that  in 
the  manufacture  of  composite  candles  stearic  acid  can  be  admixed 
with  paraffin  wax  in  any  proportion  from  5 per  cent  upwards. 
Therefore  a mixture  of  3 parts  of  hydroxystearic  acid  with  1 part  of 
commercial  stearic  acid  is  recommended  as  a stock  mixture  for 
“ stiffening  ” paraffin  wax  candles.  Provided  the  results  claimed  by 
the  specifications  are  obtained  regularly  on  a large  scale,  this  method 
would  represent  the  most  advantageous  form  of  the  sulphuric  acid  process. 

A claim  made  by  Tissier  2 to  have  effected  a (partial)  conversion 
of  oleic  acid  into  stearic  acid  by  means  of  hydrogen,  evolved  whilst 
saponifying  fats  in  an  autoclave  with  zinc  and  zinc-dust  (by  the 
action  of  the  latter  on  water),  hardly  required  refutation.  Still, 
Freundlich  and  Bosauer  3 have  shown,  by  experimenting  with  oleic  acid 
and  bone  fat  in  an  autoclave,  that  oleic  acid  was  not  reduced  to  stearic 
acid.  Possibly  Tissier’s  error  is  best  explained  by  the  formation  of 
zinc  soaps,  which  naturally  raise  the  melting  point  of  the  oleic  acid 
in  which  they  are  dissolved.4  It  may  be  recalled  here  that  I have 
not  been  able  to  effect  a reduction  of  oleic  acid  by  hydrogen  in  statu 
nascendi ? 

A kind  of  connecting  link  between  the  sulphuric  acid  processes 
and  the  processes  invoking  the  aid  of  electricity  (see  below)  is 
exemplified  by  the  patents  of  Magnier , Bragnier , and  Tissier?  The 
acidification  is  carried  out  in  the  usual  manner,  whereupon  the  acidified 
mass  is  mixed  with  five  to  six  times  its  weight  of  water,  and  is  then 
subjected  to  the  action  of  an  electric  current  (under  a pressure  of  5 

1 United  States  patent  802,100,  G.  R.  Gray,  Assignor  to  the  Standard  Oil  Company  ; 
English  patent  17,945,  1905  ; French  patent  357,507  ; German  patent  174,471  (cp.  also 
below). 

2 Russian  Privilegium,  1499,  of  January  1897. 

a Chem.  Zeit.  1900,  566. 

4 The  same  error  appears  to  have  misled  A.  Knorre , who  claims  (German  patent 
172,690)  the  conversion  of  oleic  acid  into  solid  fatty  acids  by  treatment  with  formalde- 
hyde in  the  presence  of  finely  divided  metals  (zinc)  ; cp.  Halpern,  Chem.  Zeit.  1907, 
845. 

5 Journ.  Soc.  Chem.  Ind.  1897,  390. 

6 English  patent  3363,  1900  ; French  patent  291,839  ; German  patent  126,446  ; 
additional  German  patent  132,223. 
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atmospheres).  It  appears  to  the  author  extremely  doubtful  whether 
any  larger  yield  of  candle  material  is  obtained  than  by  the  sulphuric 
acid  alone,  i.e.  without  the  electric  current.  Confirmation  of  the 
author’s  opinion  may  be  found  in  the  fact  that  this  process  has  not 
found  its  way  into  practice. 

A process  attempting  to  effect  the  conversion  of  oleic  acid  into 
stearic  acid  by  electrical  discharges  in  an  atmosphere  of  hydrogen  has 
been  patented  by  A.  de  Hemptinne.1  The  electrical  discharges  are 
produced  between  a number  of  metal  plates,  separated  by  glass  plates 
so  as  to  prevent  short-circuiting  between  the  metal  plates,  which  are 
alternately  connected  with  the  poles  of  a generator  of  electrical 
energy.  Oleic  acid  is  allowed  to  trickle  in  a fine  stream  (by  a 
sprinkling  arrangement)  on  to  the  plates  enclosed  in  a vessel  through 
which  hydrogen  passes  2 at  a pressure  below  that  of  the  atmosphere. 
By  rotating  the  apparatus  slowly  the  oleic  acid  forms  a moving 
film,  thus  continually  exposing  a fresh  surface  to  the  hydrogen. 
A.  de  Hemptinne  states  3 that  50  per  cent  of  oleic  acid  are  converted 
into  stearic  acid.  According  to  the  English  patent  specification,  the 
process  is  interrupted  when  about  20  to  30  per  cent  of  stearic  acid 
are  formed.  The  mass  is  then  withdrawn,  cooled,  and  the  filtrate 
again  treated  as  before,  until  the  accumulation  of  by-products  prevents 
the  further  formation  of  stearic  acid.  This  process  deserves  the 
attention  of  the  candle-maker,  and  would  recommend  itself  on  account 
of  its  simplicity,  provided  a much  higher  yield  of  stearic  acid  could 
be  reached  through  inhibiting  the  formation  of  condensation  products 
and  of  resinous  substances. 

J.  Petersen  4 also  endeavoured  to  reduce  oleic  acid  to  stearic  acid 
by  allowing  an  electric  current  to  act  on  an  alcoholic  oleic  acid  solu- 
tion, slightly  acidulated  with  sulphuric  acid  (or  preferably  with 
hydrochloric  acid),  between  nickel  electrodes.  But  the  yield  of  stearic 
acid  was  small ; even  under  the  most  favourable  conditions  it  did 
not  exceed  15  to  20  per  cent.  When  platinum  electrodes  were 
employed  no  reduction  at  all  took  place.  Hence,  so  far  this  process 
cannot  claim  the  attention  of  the  candle  manufacturer. 

C.  F.  Bohringer  and  Sohne 5 obtained  by  the  same  method  much 
better  results  when  using  as  cathodes  metallic  electrodes,  which  were 
covered  with  a spongy  layer  of  the  same  metal.  They  recommend 
as  cathodes  platinised  platinum,  as  also  palladium  electrodes  covered 
with  a spongy  layer  of  palladium-black.  Nickel  electrodes  covered 
with  spongy  nickel  may  also  be  used  ; but  in  this  case,  with  a current 
density  of  100  amperes  per  square  metre,  only  a “considerable 
reduction  ” is  stated  to  have  taken  place.  If  copper  be  substituted 
for  nickel,  and  the  current  density  be  reduced  to  10  amperes  per 
square  metre,  slight  reduction  only  was  noticed.  The  following 

1 English  patent  1572,  1905  ; French  patent  349,942  ; German  patent  167,107  ; 
United  States  patent  797,112. 

2 The  apparatus  is  illustrated  in  English  patent  7101,  1905. 

3 Bulletin  de  V Acad,  royale  de  Belgique , 5 (1904),  550. 

4 Zeit.f.  Elektrochemie,  1905,  549. 

5 German  patents  187,788,  189,332,  1906. 
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details  are  given  by  the  patentees  : — 25  volumes  of  oleic  acid  or 
erucic  acid  (or  their  methylesters)  were  dissolved  in  250  volumes  of 
strong  alcohol,  and  5 to  10  volumes  of  30  per  cent  sulphuric  acid,  or 
of  a 20  per  cent  hydrochloric  acid  solution,  were  added.  When 
employing  a platinised  platinum  cathode,  and  electrolysing  with  a 
current  density  of  about  1 ampere  per  square  metre  at  a voltage  of 
4 to  6,  the  temperature  being  kept  between  20°  and  50°  C.,  the 
“ whole  of  the  oleic  acid  ” was  stated  to  be  reduced  to  stearic  acid 
after  7 ampere-hours  per  kilo  of  oleic  acid  had  been  used.  In  the 
case  of  a palladium  electrode  covered  with  palladium -black  at  a 
current  density  of  100-500  amperes  per  square  metre,  “ the  ” (whole  ?) 
oleic  acid  was  reduced  after  300  ampere-hours  per  kilo  of  material  had 
been  consumed,  whilst  stearic  acid  and  ethyl  stearate  separated. 
Finally,  in  the  case  of  a nickel  cathode  covered  with  a spongy  layer 
of  nickel  and  at  the  same  current  density,  about  one-third  of  the  oleic 
acid  was  converted  into  stearic  acid  after  300  ampere-hours  per  kilo 
of  acid  had  been  consumed. 

In  a survey  of  the  modern  work  on  the  reduction  of  unsatur- 
ated acids,  Fokin 1 states  that  reduction  of  oleic  acid  can  only  be 
effected  with  the  aid  of  cathodes  of  palladium,  platinum,  rhodium, 
iridium,  osmium,  nickel,  cobalt,  and  copper.  The  best  results  were 
obtained  by  electrolytic  reduction ; next  as  regards  efficiency  came 
reduction  in  the  gaseous  state  in  the  presence  of  these  metals,  they 
acting  as  catalysts.  Less  favourable  still  were  the  yields  with 
galvanic  couples,  and  the  lowest  yields  were  obtained  with  metal 
hydrides.  In  all  cases  the  reduction  is  ascribed  to  the  activity  of 
occluded  hydrogen. 

The  above-given  practical  data  by  A.  de  Hemptinne,  Petersen , and 
Boehringer  as  to  yields  of  stearic  acid,  taken  in  conjunction  with  the 
statements  to  be  made  below,  do  not  bear  out  the  correctness  of 
Fokin's  opinion  that  electrolytic  reduction -processes  furnish  the 
highest  yields.  Fokin's  error  may  be  caused  through  his  taking  the 
rise  of  the  melting  point  alone  as  a proof  of  the  presence  of  stearic 
acid.  Experiments  which  the  author  carried  out  several  years  ago  on 
the  reduction  of  oleic  acid  by  means  of  hydrogen  in  the  presence  of 
catalysts 2 showed  that  the  melting  point  is  affected  considerably, 
even  by  small  quantities  of  metallic  soaps — the  last  traces  of  which 
can  only  be  removed  with  great  difficulty.  Although  Fokin  distinctly 
states  that  the  presence  of  nickel  soap  caused  him  great  difficulties, 
so  that  he  must  have  been  well  acquainted  with  this  source  of  error, 
his  statements  should  nevertheless  be  accepted  with  reserve,  until  in 
each  case  stearic  acid  free  from  metal  has  been  isolated. 

The  classical  work  of  Sabatier  and  Senderens  on  the  reduction  of 
organic  substances  in  the  presence  of  finely-divided  metals,  especially 
of  finely-divided  nickel,  was  destined  to  create  a new  epoch  in  the 
solution  of  the  present  problem.  Very  shortly  after  the  publication 
of  Sabatier  and  Senderens ' earlier  work,  and  based  upon  it,  a patent 

1 Zeitschr.  f.  Elektrochem.  1906,  12,  749. 

2 Lewkowitsch,  Jahrbuch  der  Chemie,  xvi.  1906,  400. 
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was  taken  out  by  the  Herforder  Maschinenfett-und  Oelfabrik , Leprince 
and  Sievecke , for  the  conversion  of  unsaturated  fatty  acids  or  their 
glycerides  into  saturated  compounds.1 

The  author  had  then  already  undertaken  laboratory  experiments 
on  the  lines  of  Sabatier  and  Senderens’  work,  but  could  not  find  that 
conversion  of  oleic  acid  into  stearic  acid  had  taken  place  to  any 
notable  extent.  In  the  light  of  his  present  experience  he  can  only 
account  for  his  failure  at  that  time  by  assuming  that  the  conditions 
under  which  he  then  worked  precluded  the  formation  of  stearic  acid ; 
or  in  other  words,  that  the  contact-mass  had  been  “ poisoned.”  As  far 
as  the  author  is  aware,  no  stearic  acid  has  been  made  hitherto  on  a 
commercial  scale  by  this  process. 

Bedford2  applied  Sabatier  and  Senderens’  method  to  the  reduction 
of  oleic  acid  to  stearic  acid  (as  also  of  ethyl  crotonate  to  ethyl  buty- 
rate, and  of  ethyl  linolenate  to  ethyl  stearate),  and,  in  conjunction 
with  Williams ,3  describes,  amongst  other  examples,  the  reduction  of 
linseed  oil  to  a solid  substance,  and  of  oleic  acid  to  stearic  acid, 
by  using  nickel  as  a contact  substance.  A German  patent  by 
P.  Scliwoerer  4 claims  an  apparatus  for  the  conversion  of  oleic  acid  into 
stearic  acid  by  the  contact  process. 

The  author,  who  had  meanwhile  resumed  his  earlier  work  on  the 
reduction  of  oleic  acid,  succeeded  by  a systematic  study  5 of  Sabatier’s 
reaction  in  converting  oleic  acid  with  a practically  theoretical  yield 
into  stearic  acid.  As  this  result  is  of  technical  importance,  reserve 
must  be  exercised  with  regard  to  the  details  of  the  method. 


(5)  Saponification  by  means  of  Twitchell’s  Keagent 

The  reagent  employed  in  this  process  is  obtained  by  allowing  an 
excess  of  sulphuric  acid  to  act  on  a solution  of  oleic  acid  in  aromatic 
hydrocarbons.  The  product  obtained  in  case  benzene  is  chosen  as 
the  aromatic  hydrocarbon  has  been  described  by  Twitchell  as  having 
the  composition  CgH4(S03H)(C18H3502).6 

The  composition  of  the  reagent  as  actually  supplied  to  the 
licensees  under  the  name  of  “ saponifier  ” is  kept  secret.  The  author 
does  not,  therefore,  feel  justified  in  making  detailed  statements  as  to 
the  manner  in  which  it  is  prepared  for  manufacturing  purposes  beyond 
pointing  out  that  the  aromatic  hydrocarbon  in  the  “ saponifier  ” is 
naphthalene. 

The  rationale  of  this  process 7 is  not  yet  fully  understood.  I 

1 German  patent  141,029  ; English  patent  1515,  1903,  in  the  name  of  W.  Normann. 

2 Inaugural  dissertation  “ On  the  unsaturated  acids  of  linseed  oil  and  their  quantita- 
tive reduction  to  stearic  acid,”  Halle  a.  S.,  November  1906. 

3 Patent  specification  2520,  1907,  “Improvements  in  and  relating  to  the  reduction 
of  organic  substances.” 

4 German  patent  199,909  ; United  States  patent  902,177. 

J Joui'n.  Soc.  Chem.  Ind.  1908,  489  ; Jahrb.  der  Chemie,  xvii.  415. 

6 Journ.  Amer.  Chem.  Soc.  1899,  22. 

7 English  patent  4741,  1898  ; United  States  patent  628,503  ; German  patent 

114,491. 
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explain  the  action  of  the  reagent  (Yol.  I.  Chap.  II.)  by  its  power  of 
emulsifying  the  glycerides.  Several  tables  illustrating  the  action 
of  three  “ Twitchell  reagents”  on  oils  and  fats  are  given  in  Yol.  I. 
Chap.  II.  The  author  may,  perhaps,  express  the  opinion  that  during 
the  steaming  of  the  fats  and  oils  with  the  “ Twitchell  reagent  ” 
sulphuric  acid  is  generated,  as  it  were,  in  statu  nasceruli,  and  this  acts 
on  the  glycerides  with  the  formation  of  sulpho-compounds,  which 
are  more  readily  hydrolysed  by  water  than  are  the  glycerides 
themselves.  The  process  differs,  however,  most  essentially  from  the 
“acid  saponification  process,”  in  that  oleic  acid  is  not  simultaneously 
converted  into  solid  material ; hence  the  fatty  acids  obtained  by  this 
process  have  the  same  composition  as  those  yielded  by  the  autoclave 
process. 

It  is  essential  that  the  fatty  raw  material  be  freed  from  impurities, 
such  as  lime,  iron,  as  also  from  foreign  organic  substances.  This  is 
done  by  boiling  the  fat  with  a dilute  solution  of  sulphuric  acid  in  a 
manner  similar  to  that  employed  in  the  purification  of  bone  fat 
(Yol.  II.  p.  620).  The  purified  fat  is  then  transferred  to  wooden 
vessels  furnished  with  perforated  brass  coils,  and  provided  with  well- 
fitting lids,  which  allow  the  steam  to  escape  but  prevent  free  access 
of  air,  since  the  fatty  acids  formed  in  this  process  readily  darken  on 
coming  into  contact  with  air.  In  these  vessels  the  fat  is  mixed  with 
50  per  cent  of  its  weight  of  distilled  water,  T5  to  2 per  cent  of  the 
reagent  are  then  added,  and  the  whole  mass  is  agitated  by  open 
steam  passing  through  the  perforated  coil.  It  is  essential  that  the 
fatty  matter  contain  at  the  outset  a small  proportion  of  free  fatty  acids, 
as  an  entirely  neutral  fat  requires  a somewhat  lengthy  time  before 
hydrolysis  commences.  This  is  no  doubt  due  to  the  fact  that  the 
aqueous  solution  of  the  reagent  requires  the  presence  of  fatty  acids, 
in  order  to  produce  an  emulsion  which  is  essential  for  the  progress  of 
hydrolysis.  With  neutral  fats  a somewhat  longer  time  is  required 
to  start  the  hydrolysis,  as  free  fatty  acids  must  be  produced  first  by 
the  boiling  with  water.  But  even  at  best  the  process  requires  a 
considerable  time  for  the  practical  completion  of  hydrolysis,  as  is 
evidenced  by  the  tables  given  Yol.  I.  Chap.  II. 

The  progress  of  hydrolysis  is  controlled  in  the  usual  manner  by 
determining  the  acid  values  of  the  product.  For  the  purposes  of  the 
candle-maker  it  is  essential  that  the  hydrolysis  be  as  complete  as 
possible  ; practically  complete  hydrolysis  can  be  reached  by  pro- 
longed boiling.  The  emulsion  is  then  “broken”  by  the  addition 
of  sulphuric  acid  of  60°  B6.,  and  the  contents  of  the  vessels  are 
allowed  to  settle,  when  separation  into  two  layers  takes  place — 
an  upper  layer  of  fatty  acids,  and  a lower  aqueous  one  containing 
glycerol.  The  fatty  acids  are  drawn  off  and  washed,  and  are  ready 
for  subsequent  treatment. 

The  product  is  too  dark  to  be  made  into  candle  material  by 
pressing,  which  is  feasible  with  autoclaved  material.  It  is  therefore 
imperative  to  distil  the  acids  : it  commends  itself  to  treat  the  fatty 
material,  previous  to  distillation,  with  concentrated  sulphuric  acid,  as 
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described  under  process  (3),  so  as  to  increase  the  yield  of  candle 
material.  (Hence,  strictly  speaking,  Twitchell’s  process,  if  applied 
to  the  production  of  candle  material,  would  fall  under  the  heading 
“Mixed  Process.,,) 

The  Twitchell  process  lends  itself  most  advantageously  to  raw 
material  of  low  quality  and  rich  in  fatty  acids,  such  as  “ greases/' 
which  cannot  be  worked  up  economically  by  autoclaving. 

The  yield  from  the  Twitchell  process  is  the  same  as  that  from 
the  autoclave  or  from  the  mixed  process,  according  to  the  manner  in 
which  the  saponified  material  is  treated. 

The  foregoing  processes  yield  as  the  chief  product  solid  candle 
material  (see  below).  The  main  by-products  are  Oleic  acid  and 
Glycerin , which  are  worked  up  by  methods  described  below.  Of  less 
importance  is  the  resulting  “Stearine  Pitch.” 

Stearine  Pitch. — Candle  Tar  (French  — Goudron ; German — 
Stearinpech , Kerzenteer)  is  the  residue  left  in  the  stills  (see  p.  182). 
The  pitch  is  run  out  from  the  bottom  of  the  still  whilst  still  hot. 
According  to  the  consistence,  which  depends  on  the  amount  of  vola- 
tile matter  left  in  the  residue,  either  a “ soft  pitch  ” or  “ hard  pitch  ” 
is  obtained.  The  “ soft  pitch  ” is  frequently  used  as  a lubricant  for 
heavy  steel  plate  rollers — “ hot  neck  grease.”  The  hard  pitch  is 
employed  for  caulking  ships’  decks,  as  an  insulating  material  for  cables 
and  electrical  apparatus,1  for  waterproofing  roofs  and  paper,2  for 
making  black  varnishes,8  and  antirusting  paints.4  P.  Lacallonge 5 
claims  the  manufacture  of  an  ebonite-like  mass  obtained  by  mixing 
80-90  per  cent  of  stearine  pitch  with  10-20  per  cent  of  ceresin,  to  which 
some  picric  acid  has  been  added.  A specially  suitable  material  for 
insulating  purposes  is  said  to  be  obtained  by  heating  stearine 
pitch  with  sulphur  at  temperatures  from  120°  to  175°  C.6 

Stearine  pitch  contains  chiefly  hydrocarbons,  due  to  destructive 
distillation ; and  small  quantities  of  free  fatty  acids  and  of  neutral 
fat — together  about  10  per  cent.  The  definite  acid  and  saponi- 
fication values  (as  also  evolution  of  acrolein  vapours)  of  stearine 
pitch  permit  of  its  being  readily  distinguished  from  petroleum  residue 
(petroleum  pitch)  and  lignite  tar  residue  (brown-coal  pitch).7 

The  presence  of  neutral  fat  in  stearine  pitch  differentiates  it  from 
the  cotton  stearine  pitch  and  wool  grease  pitch  (Chap.  XVI.),  which 
are  used  for  similar  purposes.8 

According  as  to  whether  the  candle  material  prepared  by  the 
processes  described  above  is  used  in  the  manufacture  of  candles 

1 Cp.  also  French  patent  385,805  (Dupre  and  Icard). 

2 German  patent  122,893.  3 Cp.  English  patent  3345,  1906. 

4 E.  Hildt,  French  patent  383,952.  5 German  patent  168,048. 

6 English  patent  3045,  1894  ; cp.  also  Swedish  patent  16,701,  1902  (Alexanderson 
and  Ohlsson). 

7 Cp.  Jahrbuch  der  Chemie,  1907,  xvi.  414. 

8 Cp.  Holde  and  Marcusson,  Berichte,  1900,  3173  ; Donath  and  Margosches,  Chem. 
Rev.  1904,  194  ; 1905,  42,  73. 
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alone,  or  is  admixed  with  mineral  waxes,  we  differentiate  (a)  stearine 
eandles,  or  (b)  mixed  stearine  and  mineral  wax  candles. 

The  once  flourishing  tallow  candle  industry 1 has  almost  com- 
pletely succumbed  owing  to  the  competition  of  the  stearine  and 
paraffin  candles.  The  “tallow  dip”  candle  has,  therefore,  but  an 
insignificant  local  importance,  although  in  this  country  alone  about 
1000  tons  are  still  manufactured  per  annum.  Tallow  candles  are, 
as  a rule,  not  adulterated.  Their  commercial  examination  is  identical 
with  that  of  tallow  (Yol.  II.  p.  640). 

Candles  made  from  spermaceti  (sperm  candles)  and  from  beeswax 
(wax  candles)  will  be  described  under  “ Technology  of  Waxes,”  below. 


(a)  Stearine  Candles 

The  “ stearine,”  “ saponification  stearine,”  “ commercial  stearic 
acid,”  obtained  by  the  processes  described  under  (1)  and  (2),  consists 
practically  of  a mixture  of  stearic  and  palmitic  acids. 

The  valuation  of  this  material  (as  has  been  pointed  out  incident- 
ally already)  is  based  on  its  melting  and  solidifying  points.  The 
higher  these  are,  the  more  valuable  is  the  material.  A definite  iodine 
value  indicates  the  amount  of  oleic  acid  left  in  the  press  cakes ; a 
definite  difference  between  the  neutralisation  and  the  saponification 
values  corresponds  to  neutral  fat  that  has  escaped  hydrolysis,  and  has 
not  been  pressed  out  with  the  oleic  acid. 

For  commercial  purposes  it  is  but  rarely  required  to  ascertain  the 
proportion  of  palmitic  and  stearic  acids.  If  the  direct  determination 
of  the  stearic  acid  (Yol.  I.  Chap.  YIII.)be  too  troublesome,  the  candle 
material  may  be  valued  (with  sufficient  accuracy  for  | commercial 
purposes)  on  the  basis  of  its  solidifying  points  (cp.  table,  Yol.  I. 
Chap.  III.  “ Mixtures  of  Palmitic  and  Stearic  Acids  ”),  and  of  the 
neutralisation  value  (cp.  table,  Yol.  I.  Chap.  XII.  “Neutralisation 
Values  of  Mixed  Stearic  and  Palmitic  Acids  ”). 

The  “ stearine  ” derived  from  the  processes  described  under 
(3),  (4),  and  (5)  is  also  known  as  “commercial  stearic  .acid.” 
It  is  more  correctly  described  as  “distillation  stearine.”  This 
is  also  valued  on  the  basis  of  its  melting  and  solidifying  points. 
These  are  usually  lower  than  those  of  the  “ saponification  stearine.” 
The  iodine  value  of  a “ distillation  stearine  ” furnishes  a measure  of 
the  amount  of  iso-oleic  acid  present ; and  the  difference  between  the 
neutralisation  and  saponification  values  is  a measure  of  the  amount 
of  lactone  present.  If  the  amount  of  hydroxystearic  acid  be  required, 
the  acetyl  value  must  be  determined.  A complete  analysis  of  “ dis- 
tillation stearine”  embraces  the  determination  of  the  iodine  value,  of 
the  neutralisation  and  saponification  values,  of  the  acetyl  value,  and 

1 It  may  be  interesting  to  note  that,  as  the  Dominican  monk  Flamnxa  reports,  in 
the  beginning  of  the  thirteenth  century  tallow  candles  were  still  considered  a luxury. 
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the  direct  estimation  of  stearic  acid ; palmitic  acid  is  then  found  by 
difference. 

By  means  of  the  iodine  value  it  is  possible  to  differentiate 
“ saponification  stearine  ” from  “ distillation  stearine.”  The  iodine 
value  of  the  former  rarely  exceeds  a few  units,  whereas  “distillation 
stearine”  gives  iodine  values  varying,  as  a rule,  between  15  and  30. 

A considerable  amount  of  neutral  fat  is  contained  in  candle 
material  intended  for  those  composite  candles  (chiefly  used  for 
night-lights)  which  consist  of  a mixture  of  “ stearine  ” and  “ cocoa- 
nut  stearine.”  If  an  accurate  determination  of  the  neutral  fat 
be  desired,  the  safest  plan  is  to  saponify  50  grms.  of  the  sample, 
and  to  determine  the  amount  of  glycerol. 

The  amount  of  unsaponifiable  matter  should  be  negligible. 
Notable  amounts  would  point  to  admixture  with  hydrocarbons 
(paraffin  wax,  ceresin),  black  grease  stearine,  distilled  grease  stearine, 
and  also  carnaiiba  wax,  which  is  sometimes  admixed  to  raise  the 
solidifying  point  of  the  candle  material.  The  examination  of  the 
isolated  unsaponifiable  matter  is  carried  out  by  the  methods  given  in 
Vol.  I.  Chapter  IX.  In  this  manner  paraffin  wax  and  ceresin,  as  also 
carnaiiba  wax,  can  be  readily  detected.  The  presence  of  cholesterol 
points  to  admixture  with  “ distilled  grease  stearine  ” (cp.  Chap.  XVI., 
and  Vol.  I.  Chap.  XI.).  The  amount  of  ash  should  be  practically 
nil.  It  is  important  to  determine  the  ash,  as  a definite  amount,  even 
0*01  per  cent,  may  lead  to  guttering  of  the  finished  candle. 

The  examination  of  the  ash  for  lime  and  its  quantitative  deter- 
mination is  also  required,  as  even  very  small  quantities  of  lime  left 
in  the  candle  material  cause  the  wick  to  yield  a skeleton,  which  does 
not  melt  and  drop  off,  but  ultimately  hangs  down  into  the  candle 
material  and  causes  guttering.  Graefe 1 showed  that  even  as  small  a 
quantity  as  ’00075  per  cent  of  lime  (CaO)  in  the  candle  material  is 
apt  materially  to  injure  the  quality  of  an  otherwise  well-prepared 
wick.  Ten  times  that  quantity  of  lime — viz.  ’0075  per  cent — in  a 
candle  material  would  render  the  candles  prepared  from  it  unsaleable.2 

The  stearines  obtained  from  greases  generally  contain  notable 
amounts  of  unsaponifiable  matter.  The  stearines  from  “black 
grease  ” (see  Chap.  XVI.)  and  other  waste  fats  are  also  characterised 
by  high  amounts  of  unsaponifiable  matter  (cp.  “Waste  Fats,” 
Chap.  XVI.). 

Candles  consisting  of  “ stearine  ” only  are  chiefly  used  in  tropical 
or  semi-tropical  countries,  where  candles  made  from  a mixture  of 
stearine  and  paraffin  wax  would  bend  and  gutter  owing  to  their  low 
melting  points. 

1 Augsburger  Seifensieder  Zeitung,  1907,  1107. 

2 It  may  be  added  here  that  Kuess  patents  (French  patent  367,448)  a candle 
material  containing,  besides  “stearine,”  paraffin  wax,  and  neutral  fats,  the  following  in- 
gredients : water,  caustic  potash,  alum,  and  magnesium  sulphate.  Agostini  (English  patent 
965,  1907  ; French  patent  383,851)  patents  the  incorporation  of  lead  salts  mixed  with  a 
fatty  (drying)  oil  to  candle  material,  especially  to  “paraffin”  candles. 
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In  temperate  climates  candles  are  usually  made  from  mixed 
“ stearine  ” and  mineral  waxes. 


(b)  Mixed  “ Stearine  ” and  Mineral  Wax  Candles 

(a)  PARAFFIN  WAX 

Since  a description  of  the  manufacture  of  paraffin  wax  falls  out- 
side the  scope  of  this  work,  a few  notes  only  can  be  given.  Paraffin 
wax  is  obtained  from  three  sources,  viz.  crude  petroleum,  shale,  and 
lignite. 

In  the  crude  petroleums  the  paraffin  wax  is  contained  ready  formed 
as  such  (“  protoparafhn  ”).  In  the  shale  and  lignite  the  paraffin  wax  is 
formed  by  a process  of  destructive  distillation  (“  pyroparaffin  ”).  The 
raw  material  in  shale  appears  to  be  exclusively  of  animal  origin,  and 
the  formation  of  the  hydrocarbons  obtainable  by  destructive  distilla- 
tion would  seem  to  take  place  by  a process  analogous  to  that 
occurring  in  the  distillation  of  fish  and  liver  oils,  etc.  (cp.  Yol.  I. 
Chap.  I.).  The  raw  material  in  lignite  appears  to  be  a bitumen  having 
the  chemical  constitution  of  a monoatomic  ester  (“  wax  ”)  which  can 
be  extracted  from  the  lignite  by  volatile  solvents  (see  “ Montanwax,” 
p.  231). 

Petroleum  Paraffin  Wax. — Up  to  recently  North  American  petro- 
leum (especially  Pennsylvania  crude)  formed  the  chief  source  of  this 
kind  of  paraffin  wax.  The  proportion  of  paraffin  wax  in  American 
petroleum  varies  from  2 to  4 per  cent ; but  owing  to  the  enormous 
amounts  of  petroleum  raised  in  the  United  States,  very  considerable 
quantities  of  paraffin  wax  were  obtained  from  these  fields.  This  is 
evidenced  by  the  following  table  : — 


Exports  of  Paraffin  Wax  f rom  the  United  States 


Year. 

Lbs. 

Dollars. 

1896 

105,882,575 

4,406,841 

1897 

126,365,128 

4,957,096 

1898 

154,628,460 

6,030,292 

1899 

174,844,701 

6,804,684 

1900 

182,153,718 

8,602,723 

1901 

129,184,962 

6,857,288 

1902 

173,583,203 

8,858,844 

1903 

201,325,210 

9,411,294 

1904 

188,651,119 

8,859,964 

1905 

161,894,918 

7,789,160 

1906 

178,385,368 

8,808,245 

1907 

... 

9,030,992 

The  foregoing  data  may  be  supplemented  by  the  following 
official  statements  of  the  Department  of  Commerce  and  Labour, 
Washington : — 
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Production  of  Paraffin  Wax  in  the  United  States 


Barrels,  of  Average 
Weight,  378*3  lbs. 

Value  in  Dollars. 

1880 

20,856 

631,944 

1890 

241,951 

2,904,902 

1900 

774,924 

7,791,149 

1905 

794,068 

10,007,274 

The  countries  to  which  the  great  bulk  is  exported  are  shown  in 
the  following  table  : — 


Exports  to 

1904. 

1905. 

Great  Britain 
Belgium 

France  .... 
Germany 

Italy  .... 
Holland 
Rest  of  Europe 
Mexico . 

Japan  . . . . 

British- Australasia 
Asia  and  Pacific  Islands 
British  Africa 

Lbs. 

100,133,662 

3,052,418 

653,268 

15,102,111 

11,222,208 

7,807,012 

5,980,752 

8,778,801 

13,618,753 

1,935,851 

3,025,424 

2,089,545 

Lbs. 

97,965,883 

1,042,673 

720,009 

9,358,159 

10,994,299 

8,201,386 

6,178,398 

7,431,469 

9,754,347 

2,833,917 

2,781,181 

2,144,062 

Total  exports  . 

174,581,973 

160,835,882 

Value  in  dollars 

8,272,85 6 

7,872,771 

At  present  the  output  of  North  American  paraffin  wax  is 
falling  off. 

Most  of  the  Russian  petroleums  contain  only  inconsiderable  quantities 
of  paraffin  wax.  The  Baku  petroleum  yields  practically  none,  the  Bibi- 
Eybat  oil  small  quantities  only.  The  petroleum  from  the  Tcheleken 
Island  forms,  however,  an  exception ; this  oil  yields  about  5 5 per 
cent  of  wax,  which  has  appeared  in  the  world’s  markets  during  the 
last  few  years.  Some  crude  petroleums  in  the  Ferghana  districts 
also  contain  sufficient  paraffin  wax  to  render  its  recovery  a 
remunerative  operation. 

The  Roumanian  and  Galician  petroleums  (with  the  exception  of  the 
Boryslaw  and  Tustanowice  petroleums ) yield  less  paraffin  wax  than  do 
American  petroleums.  Petroleums  from  other  sources  do  not,  at 
any  rate  up  till  now,  contribute  to  the  production  of  paraffin  wax. 

The  largest  amounts  are  at  present  obtained  from  Rangoon 
petroleum , which  yields  from  10  to  15  per  cent  of  paraffin  wax,  melting 
at  138°  F.  Assam  wax  is  obtained  from  a similar  crude  petroleum. 
This  wax  is  brought  into  the  market  in  two  qualities,  viz.  “yellow 
wax”  and  “white  wax.”  The  latter  melts  at  140°  F.  These  two  paraffin 

VOL.  ill  p 
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waxes  have  the  highest  melting  points  of  ail  commercial  paraffin 
waxes.  (It  may  be  added  that  also  from  the  American  paraffin  wax 
a product  could  be  obtained  of  equally  high,  and  even  higher,  melting 
point  if  the  cost  were  not  prohibitive.  The  author  examined  a 
sample  of  specially  prepared  American  paraffin  wax,  which  had  a 
melting  point  of  143°  F.) 

Paraffin  wax  from  Sumatra  crude  oil  has  also  appeared  in  the 
market  during  the  last  few  years.  At  first  this  wax  proved  some- 
what unsuitable  for  candle -making  purposes,  inasmuch  as  it  was 
brittle  and  powdery ; this  difficulty  has,  however,  been  overcome  by 
suitable  treatment. 

Lignite  Paraffin  Wax. — The  Saxo-Thuringian  lignite  (brown-coal) 
tar  industry  1 yields  considerable  quantities  of  paraffin  wax.  From 
this  tar  10-15  per  cent  of  wax  are  recovered  by  distillation.  [Other 
methods  of  obtaining  the  paraffin  wax  from  the  lignite  tar  have  been 
patented  by  Pauli 2 (German  patent  123,101)  and  by  Schultze 
(German  patent  162,341).]  The  principal  lignite-producing  countries 
are  Germany,  the  United  States  of  America,  Austria,  and  Hungary, 
which  in  1904  raised  47,853,000  tons,  21,635,000  tons,  5,725,000 
tons,  and  5,430,000  tons  respectively.  In  1905  Germany  produced 

51.655.000  tons,  and  Austria  22,327,000  tons. 

The  output  of  finished  candles  in  the  Saxo-Thuringian  candle 
industry  amounts  at  present  to  about  8000  tons  per  annum,  of 
which,  however,  a portion  consists  of  “stearine”  (see  p.  236). 

Shale  Paraffin  Wax. — The  Scottish  shale  industry  forms  at 
present  one  of  the  most  important  sources  of  paraffin  wax.  The 
wax  is  obtained  by  refrigerating  the  higher  boiling  fractions  of  the 
shale  oil,  and  purifying  the  paraffin  scale  by  the  “ sweating  process.” 
The  yield  of  wax  varies  with  the  quality  of  shale ; from  best 
crude  shale-tars  as  much  as  15  per  cent  are  obtainable. 

The  importance  of  the  Scottish  shale  industry  is  best  exemplified 
by  the  fact  that,  in  the  year  1904,  2,332,000  tons  of  shale  were 
mined  which  yielded  22,500  tons  of  paraffin  wax  (in  addition  to 
6,293,200  gallons  of  naphtha,  170,000,000  gallons  of  burning  oil, 

38.000  tons  of  gas  oil,  39,500  tons  of  lubricating  oil,  and  49,600 
’tons  of  ammonium  sulphate 3).  Of  less  importance  than  the 
Scotch  shale  are  the  occurrences  of  shale  in  Wurtemberg,4  at  Messel 
in  Hessen-Darmstadt,  in  Sweden,5  France  (Autun),  and  Brazil.6 
The  Canadian  shales  (of  which  about  270,000,000  tons  have  been 
prospected  in  the  Albert  and  Westmoreland  counties  of  New  Bruns- 
wick) may  be  worked  up  in  the  near  future,  as  also  the  Torbanite  of 
New  South  Wales.7 

The  chemical  composition  of  paraffin  wax  is  not  yet  fully  known, 
and  varies  with  its  origin.  The  American  paraffin  wax  may  be  con- 

1 Cp.  Scheithauer,  Die  Fabrikation  der  Mineralole,  Braunschweig,  1895  ; E.  Graefe, 
Die  Braunkohlenindustrie,  Halle  a.  S.,  1906. 

2 Cp.  Jahrbuch  der  Ohemie,  xi.  370  ; xii.  376.  3 Ibid.  1907,  xvi.  p.  414. 

4 Ibid.  xiv.  447.  5 Ibid.  viii.  412.  6 Ibid.  x.  397.  7 Ibid.  xv.  431. 
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sidered  as  consisting  principally  of  a mixture  of  hydrocarbons  of  the 
ethane  series  CnH25l+2.  The  paraffin  wax  produced  in  the  Saxo- 
Thuringian  lignite  industry  consists  principally  of  saturated  hydro- 
carbons, as  will  be  seen  from  the  following  table,  which  enumerates 
the  hydrocarbons  isolated  by  Krafft 1 from  a Saxo-Thuringian  wax, 
which  softened  at  the  ordinary  temperature  : — 


Formula. 

Boiling  Point  at 
0 mm.  Pressure. 

Melting  Point. 
"C. 

Specific  Gravity 
when  Fluid. 

C19H40  . 

109 

31-8-32 

6^20^42  • 

117*5 

36-3-36-6 

0*7775 

C21H44  . . 

125*5 

39-9-40-2 

0-7778 

C22H46  • . 

130-5 

44-0-44-5 

0-7776 

^23048  . 

138 

47*2-47  *5 

0-7799 

CA  • • 

145*5 

50*7-51-3 

0-7781 

C25H52  . . 

152-5 

53*8-54 

0-7785 

• • 

160 

56*8-57 

0-7787 

C27H56  . . 

167 

About  59*4 

0-7789 

C28H58  . . 

173-5 

About  61*6 

0-7792 

O29H6O  • 

179 

63-6-64-1 

0-7797 

030^62  • 

186 

65-6 

0-7797 

031064  • • 

193-5 

68-4 

0-7799 

032066  * 

201 

69-8 

0-7798 

O33H68  • 

208 

71*8 

0-7801 

O34H7O  • • 

215 

About  73 

0-7806 

035072  • 

222 

About  74 

0-7813 

036074  • 

About  230 

About  76 

0-7819 

The  author 2 found  in  a number  of  commercial  paraffin  waxes, 
melting  from  132*5°  to  138°  F.,  percentages  of  carbon  and  hydrogen 
varying  respectively  from  85  to  85*59  per  cent,  and  from  14*80  to 
14*96  per  cent.  For  a hydrocarbon  of  the  saturated  series,  theory 
requires  for  carbon  85*62  and  for  hydrogen  14*38  per  cent. 

Petroleum  paraffin  wax  must  not  be  considered  as  identical  with 
the  wax  obtained  by  destructive  distillation.  As  a rule,  the  paraffin 
wax  obtained  by  destructive  distillation  is,  in  its  technical  applications, 
superior  to  petroleum  paraffin  wax. 

In  the  trade,  crude  paraffin  wax  is  termed  “ scale.”  This  contains 
varying  quantities  of  impurities  or  “ dirt,”  water,  and  hydrocarbons 
of  lower  melting  point,  consisting  chiefly  of  “ soft  paraffin.”  The 
latter,  being  valueless  to  the  candle-maker,  is  termed  “ oil.” 

There  is  no  sharp  line  of  demarcation  between  the  solid  hydro- 
carbons and  “ oil,”  as  the  hard  paraffins  pass  gradually  through 
“ soft  ” or  low  melting  point  paraffins  into  “ oil.”  The  amount  of 
oil  ” pressed  out  in  practical  working  naturally  depends  on  various 
circumstances,  such  as  temperature,  pressure,  length  of  time  during 
which  pressure  is  applied,  etc.  It  will  therefore  be  readily  under- 
stood that  a laboratory  test  for  “ oil  ” must  be  an  arbitrary  one. 

Hence  methods  of  testing  are  arranged  by  contract  between  buyer 
and  seller,  and  are  laid  down  in  specifications. 

1 Berichte,  1907,  4779.  2 Unpublished  observations. 
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The  methods  agreed  upon  by  the  Scottish  Mineral  Oil  Association 
and  certain  Representative  Purchasers  for  the  sampling  and  testing  of 
scale  are  as  follows 1 : — 

Sampling  of  Seale. — The  sample  is  taken  by  means  of  a metal 
tube,  slightly  conical,  so -that  a cylindrical  core  of  paraffin  wax  is 
obtained.  Immediately  after  the  sample  has  been  drawn,  it  is 
thoroughly  mixed  and  placed  in  suitable  wide-mouthed  bottles,  which 
may  be  closed  either  with  glass  stoppers  or  good  corks ; if  the  latter 
are  used,  they  should  be  covered  with  paraffin  paper  or  soaked  in 
melted  paraffin  wax  before  being  inserted.  The  scale  should  be  tightly 
packed  and  should  fill  the  bottles  completely,  as  otherwise  partial 
evaporation  may  occur,  when  moisture  will  condense  on  the  upper 
portion.  The  bottles  are  then  finally  sealed  in  the  usual  manner. 

Determination  of  Dirt  in  Seale. — The  amount  of  dirt  (fibres  of 
press-cloths,  sand,  etc.)  in  scale  is  determined  by  melting  a weighed 
quantity — not  less  than  7000  grains  (453*58  grms.) — allowing  to 
subside,  and  pouring  off  the  clear  paraffin  wax.  The  residue  is  then 
mixed  with  naphtha  or  petroleum  ether,  thrown  on  a weighed  dry. 
filter  paper,  washed  with  the  solvent  used,  dried,  and  weighed. 

Determination  of  Water  in  Seale. — The  amount  of  water  present 
in  scale  may  be  determined  by  either  of  the  following  processes  (the 
determination  by  “ subsidence  ” 2 having  been  abandoned  as  leading 
to  erroneous  results) : — 

(a)  Distillation  from  a Copper  Flask. — From  1 to  2 lbs.  of  the  scale 
are  heated  in  a copper  flask  connected  with  an  ordinary  Liebig  con- 
denser. The  flask  should  be  about  11"  high,  8"  in  diameter  at  the 
bottom,  and  1J"  at  the  mouth.  By  means  of  a powerful  Bunsen 
burner  the  water  is  volatilised  and  then  condensed,  a small  quantity 
of  light  oil  passing  over  at  the  same  time.  The  distillate  is  received 
in  a narrow  graduated  measure,  so  that  the  volume  of  water  can  be 
read  off.  As  a little  water  usually  adheres  to  the  sides  of  the  con- 
denser tube,  this  must  be  washed  off  with  petroleum  ether  or 
naphtha  (previously  saturated  with  water)  and  added  to  the  bulk  of 
the  water. 

(b)  Price's  Company's  Method. — 500  grains  (32*4  grms.)  of  the  scale 
to  be  tested  are  weighed  in  a porcelain  basin,  and  heated  with  con- 
stant stirring  to  230°  F.  (110°  G.),  until  bubbles  cease  to  be  given 
off ; the  loss  is  determined  by  weighing  the  residue. 

500  grains  (32*4  grms.)  of  the  same  scale,  freed  from  water  and 
dirt  by  melting  at  a gentle  heat  and  by  subsidence,  are  heated  under 
exactly  the  same  conditions  (temperature,  length  of  time)  and  the 
loss  is  determined.  The  loss  now  found  is  deducted  from  the  loss 
ascertained  previously ; the  difference  is  taken  as  the  quantity  of 
water  present. 

Determination  of  Oil  in  Seale. — A quantity  of  the  scale,  freed 
from  water  and  dirt  by  melting  and  subsidence,  is  allowed  to  cool 
overnight  to  a temperature  of  60°  F.  (15*5°  C.).  The  solid  mass  is 

1 Journ.  Soc.  Gliem.  Ind.  1891,  346. 

2 Sutherland,  Journ.  Soc.  Chem.  Ind.  1887,  123. 


XV 


PARAFFIN  WAX 


213 


then  ground  to  powder,  and  a portion  of  this  is  used  for  the  deter- 
mination of  oil. 

250  grains  (16*2  grms.)  of  the  scale  (or  150  grains  = 9*6  grms.  in 
the  case  of  a scale  containing  much  oil,  i.e.  over  7 per  cent)  are 
wrapped  in  fine  linen  press-cloth  and  a number  of  layers  of  filter 
paper,  sufficient  to  absorb  all  the  oil.  The  oil  is  then  expressed  in  a 
press,1  which  must  be  provided  with  a pressure  gauge. 

The  cup  in  which  the  scale  is  placed  during  the  application  of 
pressure  must  have  an  area  of  20  square  inches ; the  maximum  pres- 
sure allowed  is  10  cwts.  per  square  inch,  the  working  pressure  being 
9 cwts.  per  square  inch.  The  scale  must  remain  under  pressure  for 
fifteen  minutes ; the  temperature  of  the  scale  and  of  the  press  should 
be  60°  F. 

Since  the  oil  is  determined  in  scale  which  has  been  freed  from 
water  and  dirt,  the  result  so  obtained  must  be  calculated  to  the 
original  scale.2 

The  finished  material  of  the  Scottish  paraffin  industry  is  sold  as 
“soft”  paraffin  wax  if  its  solidifying  point  be  below  48°  C.  = 118°  F. 
Paraffin  wax  of  a melting  point  above  120°  F.  is  termed  “hard” 
paraffin  wax.  The  candle  material  produced  in  the  Saxo-Thuringian 
industry  has,  as  a rule,  a melting  point  of  53°-56°  C. ; material  of 
lower  melting  point  (50°-52°  C.)  or  higher  melting  point  (60°  C.)  is 
but  rarely  produced.  The  melting  points  of  Rangoon  and  Assam 
commercial  paraffin  waxes  have  been  given  above  (p.  209). 

Besides  colour,  transparency,  and  odour,  the  most  important 
criterion  in  the  valuation  of  paraffin  wax  is  the  determination  of  the 
melting  point.  The  specific  gravity  is  of  minor  importance.  Still, 
in  controlling  the  process  of  manufacture,  the  following  tables  will 
be  found  useful : — 


Specific  Gravity  of  Paraffin  Waxes  (Allen)  3 


No. 

Origin  of  Sample. 

Specific  Gravity. 

Solidifying  Point. 

Solid,  at  15°  C. 

iLiquid,  at  99°  C. 

°C. 

1 

Shale  oil  . 

0*8666 

0*7481 

44-0 

2 

n • • • 

0-8961 

0-7494 

47*0 

3 

jj  ^ • 

0-9000 

0-7517 

52-0 

4 

9 9 • • • j 

0-9111 

0-7572 

58-5 

5 

American  petroleum . 

0-9083 

0*7535 

53-8 

6 

Rangoon  tar 

• 

0-8831 

0*7571 

49-0 

1 No  special  form  of  press  is  recommended  for  general  adoption.  A description  of 
several  forms  of  presses  is  given  Journ.  Soc.  Chem.  Ind.  1891,  346.  Cp.  also  Carpenter 
and  Leask,  Soap,  Candles,  etc.,  p.  324. 

2 For  a direct  method  of  determining  oil  in  scale,  based  on  the  ready  solubility  of  the 
“oil  ” in  acetone,  in  which  the  hard  paraffin  wax  is  practically  insoluble  at  15°  C.,  cp. 
L.  Neustadl,  Chem.  Zeit.  1906,  38.  Jan  Mijs  Az  (French  patent  370,796)  claims  the 
purification  of  paraffin  wax  by  means  of  acetone  (methylalcohol,  etliylalcohol,  acetic 
acid,  and  acetic  anhydride).  Cp.  also  Graefe,  Chem.  Zeit.  1907,  409. 

3 Comm.  Org.  A nal.  vol.  ii.  p.  411. 
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Specific  Gravities  of  Refined  American  Paraffin  Waxes  (I.  I.  Redwood) 1 


°F.  at  which 
the  Gravity 
was 

determined. 

Melting 
Point 
108'  F. 

Melting 
Point 
114°  F. 

Melting 
Point 
120-5°  F. 

Melting 
Point 
122  25°  F. 

Melting 
Point 
122-75°  F. 

Melting  < 
Point 
128-25°  F. 

Melting 
Point 
133-25°  F. 

160 

0*77069 

0-77193 

0-77391 

0-77079 

0-77023 

0-77573 

0-77723 

155 

0-77119 

0-77330 

0-77531 

0-77149 

0-77163 

0*77653 

0-77853 

150 

0-77309 

0-77473 

0-77657 

0-77319 

0-77283 

0-77803 

0-78003 

145 

0-77509 

0-77620 

0-77777 

0-77519 

0-77463 

0-77973 

0-78153 

140 

0-77679 

0-77763 

0-77847 

0-77689 

0-77633 

0-78133 

0-78333 

135 

0-77899 

0-77953 

0-78147 

0-77869 

0-77843 

0-78303 

130 

0-78049 

0-78113 

0-78267 

0-78029 

0-77973 

125 

0-78199 

0-78343 

0-78441 

, , , 

120 

0-78359 

0-78473 

. . • 

115 

0-78529 

Specific  Gravities  of  American  Paraffin  Waxes  at  60°  F.  (I.  I.  Redwood) 


Melting 
Point 
106°  F. 

Melting 
Point 
111-5°  F. 

Melting 
Point 
120-5’  F. 

Melting 
Point 
122-25°  F. 

Melting 
Point 
125-75°  F. 

Melting 
Point 
131’  F. 

0-87525 

j 0-88230 

0-89895 

0-90105 

0-90350 

0-90865 

The  subjoined  table,  due  to  Ter  vet  f gives  the  melting  points  of 
each  of  twenty  successive  fractions  into  which  three  paraffin  waxes  of 
the  given  melting  points  had  been  resolved.  The  temperatures 
are  degrees  Fahrenheit. 


Melting  Points  of  Fractions  obtained  from  Paraffin  Waxes 


No.  of 
Fraction. 

Of  Melting  Point 
126°  F. 

Of  Melting  Point 
111°  F. 

Of  Melting  Point 
102°  F. 

1 

119-0 

103-0 

94-0 

2 

120-0 

104-0 

94-0 

3 

120-5 

104-5 

95  0 

4 

121-0 

105-0 

96-0 

5 

121-0 

106-0 

96-0 

6 

121-0 

107-0 

97  "5 

7 

121*5 

107-5 

98-0 

8 

122-0 

108-0 

98-5 

9 

122-5 

108-5 

99-0 

10 

123-0 

109-0 

99-0 

11 

124-0 

110-5 

100-0 

12 

125-0 

112-0 

102-0 

13 

126-0 

113-0 

103-5 

14 

127-0 

113-5 

105-0 

15 

128-0 

114-5 

106-5 

16 

129-0 

116-0 

108-0 

17 

130-0 

117-0 

109-0 

18 

132-0 

119-0 

1100 

19 

134-0 

123-0 

112-5 

20 

138-0 

125-0 

1130 

1 Journ.  Soc.  Chem.  Ind.  1889,  163.  2 Ibid.  1887,  356. 
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A uniform  method  of  determining  the  solidifying  point  (or  setting 
point)  of  paraffin  wax  has  not  yet  been  universally  agreed  upon. 
Hence  in  commercial  analysis  three  different  methods  are  in  vogue, 
known  as  the  “ English  test,”  the  “ American  test,”  and  the  “ German 
test  ” respectively. 

English  Test. — A test-tube,  about  1 inch  in  diameter,  is  filled  to 
the  depth  of  about  2 inches  with  the  melted  paraffin,  a small  ther- 
mometer is  inserted,  and  the  mass  stirred  steadily,  while  the  test-tube 
and  its  contents  are  allowed  to  cool  slowly.  The  temperature  at 
which  the  thermometer  remains  stationary  for  a short  time  is  the 
melting  (setting)  point.  It  should  be  noted  that  paraffin  wax  does 
not  behave  like  mixed  fatty  acids,  which  on  solidifying  exhibit  a 
sudden  rise  of  temperature  (Vol.  I.  Chap.  VIII.).  With  paraffin 
wax  the  mercury  column  of  the  thermometer  remains  stationary  at 
the  melting  point  for  about  half  a minute ; but  no  rise  takes  place, 
and  the  mercury  then  falls  steadily. 

In  order  to  render  the  indications  more  definite,  the  author  takes 
larger  quantities  than  directed  above,  using  a test-tube  of  the  same 
size  as  described  for  the  titer  test  (Vol.  I.  Chap.  VIII.).  The  stirring 
is  interrupted  when  the  solidification  point  is  almost  reached,  and  the 
fall  of  temperature  is  then  observed  from  minute  to  minute ; that 
point  at  which  the  mercury  column  remains  stationary  the  longest 
time  is  taken  as  the  solidifying  point.  The  following  example  will 
best  illustrate  an  observation  : — 


Time. 

Temperature  ° F. 

Time. 

Temperature  °F. 

3*12 

145 

3*23 

124*75 

3-13 

143 

3*24-3*28 

124*5 

3*15 

137*5 

3*29-3*32 

124*25 

3*16 

135 

3*33-3*35 

124*1 

3-17 

133 

3*36-3*46 

124 

3*18 

130*5 

3*47 

123*9 

3*19 

129*5 

3*48 

123*85 

3-20 

127 

3*49 

123*60 

3-21 

126 

3*50 

123*50 

3-22 

125 

The  thermometer  remained  stationary  for  fourteen  minutes  at  about 
124°  F.,  and  therefore  this  number  is  returned  as  the  solidifying  point. 
A similar  suggestion  has  been  made  by  Fischer,1  who  carries  out  the 
titer-test  method  in  the  manner  proposed  by  Finkener,  and  described 
under  “Titer  Test”  (Vol.  I.  Chap.  VIII.),  using  a 150-c.c.  flask.  The 
indications  become  thereby  still  more  distinct ; but  as  an  experiment 
carried  out  by  the  author  according  to  Fischer’s  directions  required 
two  and  a half  hours,  as  against  about  forty  minutes  for  the  smaller 
quantity,  it  will  be  found  more  useful  to  employ  about  50  grms.  of 
material. 

American  Method. — The  melting  point  is  determined  as  follows  : — 
1 Zeit  f.  ang.  Chetn.  1906,  1323. 
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A sufficient  quantity  of  wax  is  melted  to  fill  three  parts  of  a half- 
round  dish,  three  and  three -fourth  inches  in  diameter.  A ther- 
mometer with  a round  bulb  is  suspended  in  the  melted  mass  so  that 
the  bulb  is  only  three-fourths  immersed.  The  melted  paraffin  is  then 
allowed  to  cool  slowly,  and  the  temperature  at  which  occurs  the  first 
indication  of  “ filming,”  extending  from  the  sides  of  the  vessel  to  the 
thermometer,  is  taken  as  the  melting  point.1 

German  Method  (“  Hallenser  Vorschrift  ”). — A small  beaker,  7 cm. 
high  and  4 cm.  in  diameter,  is  filled  with  water  and  warmed  to 
about  70°  C.  A small  piece  of  the  sample  of  paraffin  wax  is  then 
thrown  on  to  the  water  so  as  to  form,  after  melting,  a disc  of 
about  6 mm.  diameter.  A centigrade  thermometer,2  made  according 
to  the  directions  of  the  Halle  Association,  is  then  immersed  in  the 
water  so  that  the  bulb  is  entirely  covered,  and  the  mass  is  allowed 
to  cool  slowly.  The  temperature  at  which  a film  is  observed  on 
the  paraffin  wax  is  noted  as  the  solidifying  point.3  This  method 
has  been  somewhat  modified  recently,  without,  however,  increasing 
its  reliability.4 

It  is  evident  that  the  determination  of  the  solidifying  point, 
according  to  the  American  and  German  methods,  must  lead  to  very 
uncertain  results.  The  best  plan  is  to  adopt  the  “ English  ” method, 
with  the  author’s  modification  described  above.  With  reference  to 
the  German  method,  it  may  be  stated  that  the  manufacturers  of 
lignite  paraffin  wax  are  likely  to  adopt  Shukoff’s5  method  (Vol.  I. 
Chap.  VIII.).  L.  Weinstein 6 has  shown  that  the  results  obtained  by 
the  capillary-tube  method  are  very  concordant. 

In  order  to  show  that  the  melting  and  solidifying  points  of 
paraffin  waxes  do  differ  (cp.  above,  p.  209  ; cp.  also  below, 
“ Ceresin  ”),  I append  a few  numbers  ascertained  in  my  labora- 
tory 7 : — 


Paraffin  Wax. 

Melting  Point. 
Capillary  Tube. 

Solidifying  Point. 

Rangoon  .... 

136-5°F.=58-05°  C. 

13575°  F.  = 57*65°  C. 

Scotch  .... 

132°  F.  =55*5°  C. 

128°  F.  =53-5°  C. 

1 Garrigues  {Journ.  Soc.  Chem.  Ind.  1895,  281)  proposes  to  take  this  point  by  melt- 
ing 30  to  50  grms.  of  the  sample  in  a beaker,  inserting  the  thermometer  so  that  the  bulb 
is  completely  immersed,  and  twirling  the  beaker  continuously  in  one  direction  until 
the  mercury  ceases  either  to  fall  or  rise.  At  first  it  falls  rapidly  and  regularly,  then 
more  steadily  at  the  rate  of  0T°  to  0’20°  C.  per  minute  until  it  reaches  a point,  at 
which  it  remains  stationary  for  about  half  a minute.  This  point  is  taken  as  the  melting 
point. 

2 This  thermometer  is  supplied  by  Ferd.  Define,  or  J.  H.  Schmidt,  Halle  a.  S. 

3 Journ.  Soc.  Chem.  Ind.  1887,  567.  Cp.  also  Kissling,  Chem.  Zeit.  1898,  2 ; Chem. 
Revue,  1904,  217. 

4 Cp.  Fischer,  Zeit.f.  ang.  Chem.  1906,  1323. 

5 With  regard  to  a criticism  of  this  method  by  Kissling,  cp.  Chem.  Revue,  1908,  46, 
and  ShukofFs  reply  {ibid.  1908,  112). 

6 Chem.  Zeit.  1887,  784. 

7 Cp.  also  Graefe,  Chem.  Zeit.  1904,  1144. 
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Candles  made  exclusively  from  paraffin  wax  are  too  soft,  and 
bend  too  easily.  Hence,  in  the  manufacture  of  paraffin  candles, 
from  5 to  1 5 per  cent  of  “ stearine  ” is  usually  admixed  with  the 
paraffin  wax.1 

The  melting  points  of  a mixture  of  paraffin  wax  and  stearine 
cannot  be  calculated  from  the  melting  points  of  the  components 
(cp.  Vol.  I.  Chap.  III.).  It  is  therefore  necessary  for  the  proper 
control  of  the  manufacture  that  each  works’  chemist  construct  an 
empirical  table  from  the  melting  points  of  his  special  materials. 
Such  empirical  tables  are  given  below  for  (a)  mixtures  of  Scotch 
paraffin  wax  and  “ stearine,”  and  ( b ) mixtures  of  Thuringian  paraffin 
wax  and  “ stearine.” 


(a)  Melting  Points  of  Candle  Material  from  “ Mixed  Paraffin  Wax  ” 
(Scotch  Pyroparaffin)  and  “ Stearine  ” (I.  I.  Redwood) 

A 


Paraffin  Wax. 

Stearine. 

Mixture. 

Per  cent. 

Melting  Point. 

Per  cent. 

Melting  Point. 

Melting  Point. 

° F. 

° F. 

° F. 

90 

102 

10 

121 

100 

80 

20 

J? 

98 ’5 

70 

30 

J? 
J > 

100 

60 

40 

104*5 

50 

5 5 

50 

? > 
5 3 

110*5 

40 

60 

111*0 

30 

?? 

70 

3 3 

113*5 

20 

80 

?? 

117*5 

10 

90 

119*0 

1 Other  paraffin  candle  hardeners,  ceresin  and  montanwax,  are  described  below 
(p.  225) ; hydroxystearic  acid  has  been  mentioned  already.  The  addition  of  acidyl 
derivatives  of  aromatic  bases,  such  as  stearic  anilide,  stearic-p-toluidide,  stearic-/3- 
naphthylamide,  stearic-m-phenylenediamide,  etc.,  has  been  patented  by  Liebreich 
{French  patent  822,026  ; German  patent  136,917  ; cp.  also  German  patent  136,274). 
The  advantage  (cp.  also  Lewkowitsch,  Jahrb.  der  Chem.  xii.  370)  of  this  admixture  was 
supposed  to  consist  in  the  candle  material  having  a higher  melting  point  than  without 
this  addition.  Graefe  (Chem.  Zeit.  1904,  1144)  has,  however,  shown  that  the  alleged 
raising  of  the  melting  point  is  a fictitious  one,  inasmuch  as  the  anilides,  which  melt  at  a 
higher  temperature,  float  in  the  melted  paraffin,  and  require  further  heating  before  the 
substance  in  the  capillary  tube  is  completely  melted  (cp.  also  Spiegel,  Chem.  Zeit. 
1906,  1235  ; Graefe,  ibid.  1907,  19). 
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B 


Paraffin  Wax. 

Stearine. 

Mixture. 

Per  cent. 

Melting  Point. 

Per  cent. 

Melting  Point. 

Melting  Point. 

0 F. 

° F. 

° F. 

90 

120 

10 

123 

118 

80 

9 9 

20 

9 9 

9 9 

116-50 

70 

9 1 

30 

114 

60 

40 

9 9 

112 

50 

99 
9 9 

50 

110 

40 

60 

9 9 

109 

30 

70 

9 9 

113 

20 

9 9 

80 

118-50 

10 

9 9 

90 

” 

119-50 

C 


Paraffin  Wax. 

Stearine. 

Mixture. 

Per  cent. 

Melting  Point. 

Per  cent. 

Melting  Point. 

Melting  Point. 

’F. 

° F. 

°F. 

90 

120-25 

10 

129-75 

118-50 

80 

9 9 

20 

116-75 

70 

9 9 

30 

9 9 

114-50 

60 

40 

112-25 

50 

9 9 

50 

9 9 

113 

40 

60 

118-75 

30 

9 9 

70 

9 9 

122 

20 

80 

124-50 

10 

9 9 

90 

9 9 

127 

D 


Paraffin  Wax. 

Stearine. 

Mixture. 

Per  cent. 

Melting  Point. 

Per  cent. 

Melting  Point. 

Melting  Point. 

0 F. 

° F. 

0 F. 

90 

125 

10 

121 

123 

80 

20 

121 

70 

}} 

30 

9 9 

119 

60 

40 

9 9 

117-50 

50 

J} 

50 

114 

40 

’’ 

60 

111 

30 

70 

107 

20 

9 9 

80 

9 9 

114 

10 

9 9 

90 

9 9 

• 117 
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E 


Paraffin  Wax. 

Stearine. 

Mixture. 

Per  cent. 

Melting  Point. 

Per  cent. 

Melting  Point. 

Melting  Point. 

°F. 

op. 

“F. 

90 

130 

10 

121 

128 

80 

} } 

20 

125-50 

70 

y y 

30 

y y 

123 

60 

y y 

40 

y y 

121 

50 

50 

y y 

118-50 

40 

y y 

60 

114 

30 

70 

y y 

109 

20 

y y 

80 

y y 

115*50 

10 

90 

y y 

118 

F 


Paraffin  Wax. 

Stearine. 

Mixture. 

Per  cent. 

Melting  Point. 

Per  cent. 

Melting  Point. 

Melting  Point. 

° F. 

°F. 

°F. 

90 

132-50 

10 

129-75 

130-50 

80 

99 

20 

y y 

128-50 

70 

30 

y y 

126-50 

60 

yy 

40 

i y 

124-25 

50 

y y 

50 

121-0 

40 

60 

y y 

117-75 

30 

yy 

70 

119-50 

20 

yy 

80 

ff 

125-25 

10 

y y 

90 

)> 

127-50 
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(b)  Melting  Points  of  Candle  Material  from  “Mixed  Paraffin  Wax  ” 
(Thuringian  Pyroparaffin)  and  “Stearine”  (Scheithauer) 1 


Paraffin  Wax. 
Per  cent. 

Of  Melting 
Point. 

•c. 

“ Stearine”  of 
Melting  Point  54°  C. 
Per  cent. 

Melting  Point 
of  Mixture. 
°C. 

90-0 

36-5 

10*0 

36*5 

66 '6 

33-3 

39-0 

33-3 

66-6 

4575 

io-o 

90*0 

5175 

90-0 

37-5 

io-o 

36-5 

66-6 

33*3 

35*5 

33*3 

66-6 

47*0 

10-0 

99 

90-0 

52*0 

90-0 

4075 

io-o 

3975 

66-6 

33-3 

40-50 

33*3 

66*6 

47-50 

io-o 

99 

90-0 

52-0 

90-0 

45  0 

io-o 

44-0 

66/6 

5 9 

33*3 

4075 

33-3 

9 9 

66-6 

48-0 

io-o 

9 J 

90-0 

52-5 

90-0 

48-5 

io-o 

47-5 

66-6 

99 

33-3 

45-0 

33-3 

9 9 

66-6 

4775 

io-o 

99 

90-0 

52-50 

90-0 

50-0 

io-o 

49-0 

66-6 

9 9 

33-3 

47'0 

33-3 

66-6 

47-5 

io-o 

9 9 

90-0 

52-5 

90-0 

54-0 

io-o 

53*0 

66-6 

33-3 

49-0 

33*3 

66-6 

47*0 

io-o 

” 

90-0 

52-5 

90-0 

56-5 

io-o 

55*5 

66-6 

33-3 

52-0 

33*3 

9 9 

66-6 

47-5 

io-o 

9 9 

90-0 

52-5 

In  the  Thuringian  industry  five  kinds  of  paraffin  candles  are 
produced  at  present:  (1)  Candles  of  the  melting  point  53°-54°  C. 
1 Die  Fabrikation  der  Mineraldle,  Braunschweig  1895. 
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(“  Adlerkerzen”) ; (2)  Candles  of  the  melting  point  54°  - 55°  C. 
(“  BrillantJcerzen”) ; (3)  Candles  of  the  melting  point  55°-56°  C. 
(“ KronenJcerzen,”  “ Salonkerzen”);  (4)  Candles  of  the  melting  point 
56°  C.  (“ BaumJcerzen”) ; and  (5)  Candles  made  from  33*3  per 
cent  stearine,  and  66*7  per  cent  paraffin  wax  (“  CompositionsJcerzen”). 
(. Roland }) 

The  differentiation  of  paraffin  waxes  obtained  from  different  sources 
is  a very  difficult  problem.  It  cannot  be  effected  with  the  aid.  of  the 
melting  points  nor  of  the  iodine  values.2  Graefe 3 suggests  as  a 
method  of  differentiating  “ protoparaffins  ” from  “ pyroparaffins  ” to 
treat  the  sample  with  an  equal  volume  of  concentrated  sulphuric 
acid  of  66°  B6.  ; the  “protoparaffins”  remain  light- coloured  and 
impart  to  the  sulphuric  acid  layer  only  a slight  colouration,  the  acid 
itself  remaining  clear,  whereas  the  “ pyroparaffins  ” become  brown 
or  yellow,  and  the  sulphuric  acid  layer  is  turbid.4  A method  may, 
perhaps,  be  based  on  the  solubility  in  absolute  alcohol.5  The  paraffin 
waxes  from  petroleum  are  comparatively  easily  soluble  in  absolute 
alcohol,  whilst  the  Saxo-Thuringian  waxes  are  much  less  soluble  in 
this  menstruum.  (Ceresin  is  almost  insoluble.) 

Holde  records  the  following  solubilities  for  a petroleum  paraffin 
wax  6 : — 

100  parts  of  absolute  alcohol  dissolve  at  20°  C.  OT-O’19  parts. 

100  „ „ ,,  „ 15°  C.  0-015-0-017  ,, 

whereas  the  Saxo-Thuringian  paraffin  waxes  of  melting  point  55-56°  C.7 
gave  the  following  data  : — 

100  c.c.  of  99"5  per  cent  alcohol  dissolve  0*031  grins,  at  0°  C. 

100  c.c.  of  98*5  ,,  ,,  0*029  grms.  at  0°  C. 

In  the  case  of  soft  paraffin  waxes  (such  as  are  obtained  in  the  Saxo- 
Thuringian  industry)  the  solubility  in  alcohol  increases  with  the 
decrease  of  the  melting  point.8  The  lower  the  melting  point  the 
greater  is  the  loss  by  volatilisation  at  temperatures  ranging  from 
100°  to  125°  C.  The  following  table  given  by  Eisenlohr  for  soft  Saxo- 
Thuringian  paraffin  waxes  is  instructive  : — 

1 Zeit.  f.  ang.  Chem.  1903,  614. 

2 Cp.  Lewkowitsch,  Jahrb.  d.  Chem.  xv.  p.  430. 

3 Zeit.  f.  ang.  Chem.  1905,  1580. 

4 Cp.  also  Istrati  and  Michailescou,  Chem.  Centr.  1904,  ii.  1447. 

5 Holand,  Zeit.f.  ang.  Chem.  1903,  614. 

6 Chem.  Revue,  1898,  114. 

7 Although  the  origin  was  not  stated,  the  wax  was  most  likely  a Saxo-Thuringian  wax, 
since  the  numbers  given  above  have  been  confirmed  by  Eisenlohr,  Zeit.  f.  angew.  Chem. 
1897,  334,  for  a lignite  paraffin  wax  of  the  melting  point  55*5°  C. 

8 Eisenlohr,  Journ.  Soc.  Chem.  Ind.  1897,  701. 
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Paraffin  Wax  of 
Melting  Point. 

Loss  by  Volatilisation. 

At  100°  C.  j At  125°  C. 

°C. 

Per  cent.  Per  cent. 

29*5 

10*0 

33*0 

k£5 

oo 

38*0 

1*4  : 

48*0 

1*8 

Graefe 1 ascertained  the  following  solubilities  for  a Thuringian 
paraffin  wax  melting  at  53*5°  C.  : — 


1 c.c.  of 

Ethyl  acetate  . 
Acetone 

Alcohol  (96  per  cent) 
Ether  . 

Petroleum  ether 
Ligroin  . 

Chloroform 

Benzene 

Carbon  tetrachloride 


dissolves  at  20°  C. 
1*1  milligrams 
1*2 
1-9 
83-4 
200 
244 
246 
285 
317 


(/?)  CERESIN  (OZOKERITE  PARAFFIN) 

The  raw  material  used  for  the  production  of  ceresin  is  ozokerite , a 
natural  bituminous  product  occurring  in  many  parts  of  the  globe  in 
the  vicinity  of  petroleum  springs.  The  best  known  ozokerite  is  the 
Galician.2  The  ozokerite  occurring  on  Tcheleken  Island  (the  petroleum 
found  there  contains  5*5  per  cent  of  paraffin  wax,  p.  209)  is  much  softer 
and  darker  than  the  Galician.  Ozokerite  is  also  found  in  Roumania,3 
in  Utah,4  in  the  Argentine,  and  in  the  Orange  River  Colony. 

As  regards  the  origin  of  ozokerite,  the  opinion  expressed  by  some 
writers  that  it  is  an  intermediate  product  between  glycerides  and 
petroleum  (see  Yol.  I.  Chap.  I.)  does  not  seem  to  be  so  well  supported 
by  facts  as  is  the  theory  which  regards  ozokerite  as  a natural  petroleum 
residue.  For  ozokerite-like  masses  can  be  obtained  from  many 
petroleums  by  separating  from  the  oil  a residue  which  either  settles 
on  standing,  or  can  be  obtained  after  the  more  volatile  hydrocarbons 
have  been  removed  by  gentle  heating.  These  separated  masses  them- 
selves are  not  paraffin  wTax,  but  form  paraffin  wax  on  heating. 

The  colour  of  crude  ozokerite  varies  from  pure  yellow  to  dark 
brown,  the  shade  depending  on  the  amount  of  admixed  oxygenated 
resinous  products. 

1 Chem.  Revue , 1906,  30. 

2 Cp.  J.  Berlinerblau,  Das  Erdwachs,  Ozokerit  und  Ceresin,  1897  ; J.  Muck, 
Der  Erdivachsbergbau  in  Boryslaw,  1903. 

3 Istrati  and  Michailescou,  Chem.  Centr.  1904,  ii.  1447. 

4 Cp.  E.  B.  Gosling,  School  of  Mines  Quarterly , 16  [1],  41.  (Cp.  also  Appendix.) 
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The  specific  gravity  of  the  crude  ozokerite  varies  from  0*91  to 
0*97.  The  melting  point  depends  on  the  proportion  of  liquid  hydro- 
carbons contained  in  the  ozokerite.  It  is  therefore  difficult  to  fix  a 
lower  limit  for  the  melting  point ; the  upper  limit  of  about  100°  C. 
is  reached  by  the  so-called  “ marble-wax.” 

The  crude  ozokerite  as  mined  is  freed  from  water  and  mineral 
matter,  clay,  etc.,  by  a liquating  process,  and  by  boiling  out  with 
water.  The  thus  purified  ozokerite  consists  chiefly  of  hydrocarbons, 
but  contains  also  oxygenated  and  wax-like  bodies.  The  degree  of  facility 
with  which  crude  ozokerite  can  be  kneaded  between  the  fingers  affords 
a rough  test  for  valuing.  The  longer  ozokerite  has  been  kept  at  a 
temperature  above  70°  C.,  and  the  more  carefully  the  liquation  process 
has  been  conducted,  the  purer  will  be  the  ceresin  obtained  from  it 
(see  below).  Fraudulently  added  impurities  are  : asphaltum  (mineral 
pitch),  and  residues  from  paraffin  oil  distilleries. 

In  the  examination  of  ozokerite  the  loss  on  heating  to  150°  C. 
(which  should  not  exceed  5 per  cent),  the  melting  and  solidifying 
points,  and  the  proportion  of  mineral  matter  should  be  determined. 
To  estimate  the  mineral  substances,  small  pieces  are  cut  from  the 
bottom  of  the  blocks  of  ozokerite  and  exhausted  with  petroleum  ether. 

Ozokerite  can  only  be  properly  valued  by  closely  following  the 
process  of  refining  adopted  on  the  large  scale. 

Ozokerite  was  formerly  distilled  in  a current  of  superheated 
steam  with  a view  to  converting  it  into  white  “ paraffin  wax.”  The 
yield  from  a good  crude  material  varied  from  60-70  per  cent. 

A “ paraffin  wax  ” thus  obtained  has  been  studied  by  PawlewsJci 
and  Filemonewicz  with  regard  to  its  behaviour  with  solvents.1  The 
ozokerite  paraffin  had  the  specific  gravity  of  0*9170  at  20°  C.,  melted 
at  64°-65°  C.,  and  solidified  at  61°-63°  C. 

1 Journ.  Chem.  Soc.  1889  ; Abstr.  82. 
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Solvent. 

Grms.  of  Ozokerite  Wax 
dissolved  by 

Weight  of  Solvent 
required  to 
dissolve  completely 
1 Part  of 
Ozokerite  Wax. 

100  grms. 

100  C.C. 

Carbon  bisulphide  .... 
Petroleum  ether,  boiling  up  to  75°  C.  ; 

12*99 

7*6 

spec.  gray.  =07233 
Oil  of  turpentine,  boiling  point  158°- 

11*73 

8*48 

8*5 

166°  C 

Cumene,  comm.,  boiling  up  to  160°  C. ; 

6*06 

5*21 

16*1 

spec.  grav.  =0  '867 

Cumene  fraction,  150°-160°  C.  ; spec. 

grav.  =0 '847  .... 

Xylene,  comm.,  boiling  point  135°-143° 

4*28 

3*72 

23*4 

3*99 

3*39 

25*0 

C.  ; spec.  grav.  =0*866. 

Xylene,  boiling  point  136°-138°  C.  ; 

3*95 

3*43 

25*1 

spec.  grav.  =0*864 

Toluene,  comm.,  108°-110°  C.  ; spec. 

4*39 

3*77 

22*7 

grav.  =0*866  .... 

Toluene,  boiling  point  108*5°-109*5° 

3*83 

3*34 

26*1 

C.  ; spec.  grav.  =0*866. 

3*92 

3*41 

25*5 

Chloroform 

2*42 

3*61 

41*3 

Benzene  ...... 

1*99 

1*75 

50*3 

Ethyl  ether 

1*95 

50*8 

Isobutyl  alcohol,  spec.  grav.  =0*804  . 
Acetone,  55*5°-56*5°  C.  ; spec.  grav. 

0*285 

0*228 

352*9 

= 0*797  

0*262 

0*209 

3787 

Ethyl  acetate  ..... 

0*238 

419*0 

Ethyl  alcohol,  99*5°  Tr. 

Amyl  alcohol,  127°  - 129°  C.  ; spec. 

0*219 

453*6 

grav.  =0*813  .... 

0*202 

0*164 

495*3 

Propionic  acid  ..... 

0*165 

595*3 

Propyl  alcohol 

Methyl  alcohol,  65*5°-66*5°  C.  ; spec. 

0*141 

709*4 

grav.  = 0*798  

0*071 

0*056 

1447*5 

Methyl  formate  ..... 

0*060 

16487 

Glacial  acetic  acid  .... 

0 060 

0*063 

1668*6 

Ethyl  alcohol,  64*3°  Tr. 

0*046 

2149*5 

Acetic  anhydride  .... 

0*025 

3856*2 

Formic  acid  (cryst. ) . 

0*013 

0*015 

7689*2 

Ethyl  alcohol,  75°  Tr. 

0*0003 

330000*0 

At  present  ozokerite  is  exclusively  1 worked  up  for  the  preparation 
of  ceresin.  For  the  commercial  valuation  of  ozokerite,  Lack  2 recom- 
mends the  following  process  : — 

100  grms.  of  ozokerite  are  treated  in  a tared  porcelain  basin  with 
20  grms.  of  fuming  sulphuric  acid  at  a temperature  of  170°-180°  C. 
with  constant  stirring,  until  sulphur  dioxide  is  no  longer  given  off. 
After  cooling,  the  dish  is  weighed  and  the  loss  taken  as  the  sum  of 
water  and  hydrocarbons.  The  mass  is  then  again  melted  and  10 
grms.  of  animal  char,  previously  dried  at  140°  C.,  are  stirred  in.  A 
tenth  part  of  this  mixture  is  weighed  off  in  a paper  thimble,  and 

1 It  would,  of  course,  be  extremely  wasteful  to  distil  ozokerite  destructively  (as  has 
been  done  experimentally),  as  thereby  valuable  material  is  converted  into  gas,  coke,  and 
comparatively  valueless  hydrocarbons,  boiling  from  100°  C.  upwards. 

2 Jo  urn.  Soc.  Chem.  Ind.  1885,  488. 
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extracted  in  a Soxhlet  apparatus  with  petroleum  ether  boiling  below 
80°  C.  The  filter  is  dried  at  130°  C.  and  weighed;  the  difference 
gives  the  ceresin.  The  result  may  be  checked  by  evaporating  the 
petroleum  ether  solution  and  drying  the  residue  at  180°  C.  The 
melting  point  of  the  isolated  ceresin  is  then  ascertained.  The 
proportion  of  fuming  sulphuric  acid  may  be  varied,  according  as 
the  colour  of  the  refined  product  is  desired  to  be  yellow  or  white. 
E.  von  Boyen 1 states  that  even  5 grms.  of  ozokerite  are  sufficient  for 
a satisfactory  technical  analysis. 

The  refined  product,  termed  Ceresin  (French — Ctrtsine ; German — 
Ceresin , Erdwachs ) on  account  of  its  resemblance  to  beeswax,  is 
obtained  on  a large  scale  in  the  same  manner  as  in  the  above 
technical  analysis.  The  crude  ozokerite  is  heated  with  sulphuric 
acid  whilst  being  stirred  constantly,  and  the  resulting  material  is 
decolourised  with  char  and  filtered  through  a filter-press.  The  cakes 
left  in  the  filter-press  are  extracted  with  volatile  solvents  to  recover  the 
retained  ceresin.2  The  ceresin  is,  as  a rule,  yellow,  but  can  be  made 
white  and  odourless  by  further  refining  processes ; it  melts  between 
61°  and  78°  C.  The  so-called  “ Sprungwachs  ” melts  at  75°  to  80°  C. ; 
its  specific  gravity  is  0‘9 18-0*922. 

Tilden 3 obtained  a crystalline  hydrocarbon  from  ozokerite  by 
heating  it  with  concentrated  sulphuric  acid  for  some  hours,  washing, 
distilling,  and  crystallising  the  solid  distillate  from  alcohol.  The 
hydrocarbon  approximated  the  composition  C28H58  and  melted  at 
about  65°  C. 

Bakusin 4 stated  that  ceresin  is  optically  active,  whereas  Engler 5 
found  several  samples  of  (ozokerite  and)  ceresin  to  be  optically 
inactive. 

The  most  important  test  in  the  valuation  of  ceresin  is  the  determi- 
nation of  its  melting  point.  The  various  methods  used  in  commercial 
analysis  give  different  results,  as  may  be  exemplified  by  a sample  of 
ceresin  examined  in  my  laboratory.  The  melting  point  by  PohVs 
method  (Yol.  I.  Chap.  IY.) — which  was  stipulated  in  the  contract — 
was  151°  to  157°  F.  By  the  capillary -tube  method  the  point  of 
incipient  fusion  was  found  to  be  146°  F.,  and  the  point  of  complete 
fusion  154°  F.  By  the  “English  method”  (p.  215)  the  melting 
point  was  148°  to  150°  F.  This  shows  the  necessity  of  laying  down 
in  contracts  the  method  by  which  the  sample  should  be  tested. 

The  method  proposed  by  Finkener  Q for  Custom  House  purposes, 
viz.  to  determine  the  dropping  point  of  ceresin,  with  a view  to  distin- 
guishing ceresin  from  mixtures  of  ceresin  and  paraffin  wax,  has  been 
criticised  by  Holde ,7  who  showed  that  mixtures  can  be  prepared  from 
ceresin  and  paraffin  wax  having  dropping  points  considerably  higher 
than  66°  C.  (the  lowest  limit  laid  down  by  Finkener  for  pure  ceresin) ; 

1 Zeit.f.  angew.  Chem.  1898,  383.  2 Cp.  ibid.  1899,  1172. 

3 Journ.  Chem.  Soc.  1905,  562.  4 Chem.  Zeit.  1905,  156. 

5 Ibid.  1906,  711. 

6 Mitth.  konigl.  techn.  Versuchsanstalten,  1899,  vii.  100. 

7 Ibid.  p.  103.  Cp.  Bindewald,  Chem.  Zeit.  1903,  433. 
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moreover,  mixtures  of  pure  ceresin  and  carnaiiba  wax  may  “ drop  ” 
at  a point  which  lies  far  above  that  temperature,  and  the  presence  of 
paraffin  wax  in  the  mixture  can  be  easily  masked  by  adding  carnaiiba 
wax.  This  method  cannot,  therefore,  be  recommended. 

Ceresin,  owing  to  its  high  price,  is  very  extensively  adulter- 
ated with  paraffin  wax  and  bleached  rosin.  In  order  to  raise  the 
melting  point  of  such  a mixture  carnaiiba  wax  is  frequently  added. 
Rosin  is  detected  by  a definite  acid  value  of  the  sample  and  by  the 
Liebermann- Storch  reaction.1  Carnaiiba  wax  is  detected  in  the  un- 
saponifiable  matter  by  the  method  described  Vol.  I.  Chap.  IX. 

Commercial  ceresin  is  frequently  coloured  with  turmeric,  as  also 
with  tar  colours.  On  shaking  the  melted  sample  with  alcohol  the 
colouring  matters  pass  into  the  alcoholic  solution,  which  may  then  be 
further  examined  (cp.  Yol.  II.  p.  660,  under  “Butter”). 

Since  paraffin  wax  is  much  more  readily  soluble  in  absolute  alcohol 
than  is  ceresin  (which  is  almost  insoluble  in  this  menstruum), 
paraffin  wax  may  be  detected  in  ceresin  by  heating  the  sample  with 
absolute  alcohol,  allowing  to  cool,  and  placing  a few  drops  of  the 
alcoholic  solution  on  an  object  glass,  when  the  residue  will  appear 
crystalline  under  the  microscope.  This  method  yields  very  uncertain 
results. 

The  following  table,  due  to  Berlinerblau , may  furnish  some 
additional  means  of  ascertaining  the  purity  of  a given  sample  : — 


Ceresin. 
Per  cent. 

Paraffin 
Wax. 
Per  cent. 

| 

Melting  Point. 

°C. 

Solidifying 

Point 

°C. 

Specific  Gravity  at 

15°  C. 

83°-85°  C. 

95°  C. 

100 

0 

70-73 

69-5 

0-921 

0-7835 

0-774 

95 

5 

69-73 

68*5 

0-919 

90 

10 

68-72 

66-5 

0-9175 

07800 

80 

20 

66-71-5 

65*0 

0-914 

0-7775 

70 

30 

64-5-70 

63-0 

0-910 

0-7750 

60 

40 

62-69 

62-0 

0-907 

50 

50 

58-5-67 

60-0 

0*904 

0-7705 

40 

60 

56-5-65 

59-0 

0-900 

30 

70 

54-5-62 

57-0 

0-897 

20 

80 

52-5-58-5 

54-0 

0-894 

10 

90 

49-5-54-5 

49-0 

0-892 

0 

1 

100 

47-52 

47-0 

0-889 

0-7655 

0*756 

Graefe2  has  shown  that  admixtures  of  ceresin — from  1 per  cent 
to  10  per  cent — with  paraffin  wax  cannot  be  detected  by  the  deter- 
mination of  the  solidifying  point,  since  a paraffin  wax  of  the  solidify- 
ing point  54*8°  C.  when  admixed  with  quantities  of  ceresin  varying 
from  1 to  10  per  cent  still  gave  the  same  solidifying  point,  viz. 
54*8°  C. 

'The  detection  of  small  quantities  of  ceresin  in  paraffin  wax  is 
carried  out  by  Graefe  in  the  following  manner : — 

1 Under  tlie  name  “ Aeresin  ” oxidised  rosin  oil  is  sold  as  an  adulterant  of  ceresin. 

2 Chem.  Zeit.  1903,  248. 
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One  gram  of  the  sample  is  dissolved  at  20°  C.  in  10  c.c.  of  carbon 
bisulphide.  In  case  more  than  10  per  cent  of  ceresin  be  present,  no 
clear  solution  is  obtained  at  20°  C.  If  the  solution  has  remained 
clear,  1 c.c.  is  shaken  in  a test-tube  with  a mixture  consisting  of 
5 c.c.  of  ether  and  5 c.c.  of  96  per  cent  alcohol,  and  kept  at  20°  C. 
In  case  the  sample  consists  of  pure  paraffin  wax  (Saxo-Thuringian) 
of  a melting  point  up  to  54°  C.,  no  separation  takes  place ; if, 
however,  ceresin  be  present,  flocks  separate,  simulating  somewhat  the 
appearance  of  alumina  precipitated  by  ammonia  from  a very  dilute 
solution.  Graefe  states  that  even  1 per  cent  of  ceresin  can  thus  be 
detected. 

In  the  case  of  paraffin  wax  of  a higher  melting  point  than  54°  C., 
the  method  breaks  down,  as  such  wax  gives  a precipitate  with  the 
ether-alcohol  mixture,  though  the  appearance  of  this  differs  from  that 
obtained  with  pure  ceresin.  Sommer 1 objects  to  this  method  on  the 
ground  that  only  American  and  Saxo-Thuringian  paraffin  waxes  behave 
as  described  above,  whilst  Scotch,  Galician,  and  the  high  melting 
“ Java  ” paraffin  waxes  might  be  considered  to  represent  a mixture  of 
paraffin  wax  and  ceresin,  if  judged  solely  by  this  test.  Yet  Graefe 2 
maintains  that  his  own  method  yields  correct  results,  but  observa- 
tions made  in  the  author’s  laboratory  (by  Heymann ) on  Scotch  hard 
paraffin  waxes,  and  even  on  scale  melting  at  124°,  gave  in  Graefe’ s 
test  such  indications  as  would  point  to  the  presence  of  ceresin. 

Berlinerblau 3 suggested,  as  a means  of  detecting  admixture  of 
paraffin  wax  to  ceresin,  the  refractometric  examination  of  a suspected 
sample,  or  of  fractions  thereof.  Following  up  this  suggestion,  Ulzer 
and  Sommer 4 thought  that  paraffin  wax  might  thus  be  differentiated 
from  ceresin.  According  to  their  observations,  ceresin  shows  a refrac- 
tion of  11 ’5-1 3 “degrees”  in  the  butyro-refractometer  at  90°  C.,  as 
against  l*5-6'8  “degrees”  for  paraffin  wax  (and  15  “degrees”  for 
montanwax).  It  is  obvious  that  a “ rapid  method  ” , of  this  kind 
must  be  useless  under  the  particular  circumstances,  especially  as  no 
guarantee  was  given  for  the  purity  of  the  ceresin  employed.  More- 
over, the  limits  stated  by  the  last-named  observers  are  far  too  narrow, 
as  the  following  observations  by  R.  Berg  5 prove  : — 

1 Chem.  Zeit.  1903,  298.  2 Ibid.  1903,  408. 

3 V.  International  Congress  for  Applied  Chemistry , Berlin,  vol.  ii.  625,  1904. 

4 Chem.  Zeit.  1906,  142.  5 Ibid.  1903,  755. 
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Butyro-refractometer  “ Degrees  " of  Paraffin  Waxes 
( Observed  at  84°  C.  calculated  to  40°  C.) 


Melting  Point.  ° C. 

“ Degrees.” 

Soft  paraffin 

36-38 

23-6-23*8 

? ? yy 

40-42 

23-7-24-2 

, , , , 

43-44 

24-6-25-3 

y 9 yy 

45-46 

25-1-26-9 

D n • • 

47-49 

27-3-28*1 

D J 5 

50-52 

28-6-29-0 

? 5 J ) 

59-60 

30-0-30-8 

“Scale” 

44-48 

26-2-27'0 

Hard  paraffin,  Saxo-Thuringian 

50-51 

27-9-28-4 

yj  yy  yy  yy 

52-53 

28-9-30-5 

y y yy  yy  yy 

59-60 

30-0-30-8 

,,  ,,  Javanese  . 

50-51 

28-0-28*5 

,,  ,,  American 

52-53 

28-2-30*4 

Butyro-refractometer  “ Degrees  ” of  Ceresin 
( Observed  at  84°  C.  calculated  to  40°  C.) 


Melting  Point..  0 C. 

57-58 

59-61 

66-68 

69-70 

71-73 


“ Degrees.” 

32-2-32-6 

32-3-33-3 

35-2-41-7 

35*3-42-2 

35-5-42-2 


Berg's  original  observations  at  84°  C.  have  not  been  recorded..  In 
order  to  obtain  numbers  which  can  be  compared  with  the  preceding 
and  the  following  observations,  I have  calculated  Berg's  numbers  to  a 
temperature  of  90°  C.,  using  as  a factor  0*55  per  degree  centigrade. 
Provided  this  factor  be  correct,  the  following  would  be  the  calculated 
minima  and  maxima  : — 


“ Degrees,”  Minima  and  Maxima. 

At  40°  C. 

Calculated  to  90°  C. 

Hard  paraffin  waxes 

27-9-30-8 

0-4-  3-3 

Ceresin 

32-2-42-2 

4-6-14-7 

Higher  numbers  have  been  observed  by  Marcusson  and  Schliiter 1 
for  ceresins,  as  is  indicated  by  the  following  table  : — 

1 Chem.  Zeit.  1907,  348. 
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Melting  Point  in 
| Capillary  Tube.  ° C. 

Butyro-refractometer  at  90°  C. 
“ Degrees  ” (calculated). 

Paraffin  wax,  Saxo-Thuringian  . 

55 ‘0-56 '0 

0*6 

51*0-54*0 

0*0 

,,  ,,  Scotch  . 

49*0-54*0 

0*0 

,,  ,,  Galician 

55*0-57*0 

3*8 

Ceresin  prepared  in  the  labora- 
tory from  ozokerite 

i 

67*0-09*0 

68*0-69*0 

64*5-65*5 

13*8 

13*8 

12*3 

62*0-76*5 

12*1 

72*0 

14*2 

67*0-70*0 

17*7 

67*5-70*0 

12*6 

Commercial  ceresins  guaranteed 

69*0-73*0 

15*0 

pure,  ten  samples  . 

77*0 

14*5 

83*0-84*0 

17*1 

70*0-72*0 

15*8 

69*0-70*0 

15*8 

v. 

58*0-76*0 

14*9 

Commercial  ceresin,  origin  un- 

known   

71*0 

17*8 

Marcusson  and  Schliiter  rightly  point  out  that  a mixture  of  60  per 
cent  of  ceresin  having  a refraction  of  17’ 1-1 7*8  “ degrees,”  with  40  per 
cent  of  paraffin  wax,  would  show  a refraction  of  12*2  “degrees,”  and 
would  have  to  be  declared  as  pure  ceresin,  if  Ulzer  and  Sommers'  limits 
were  to  be  taken  as  a guide. 

Marcusson  and  Schliiter  base  a method  for  detecting  paraffin  wax  in 
ceresin  on  Graefe’s  process,  described  above.  They  proceed  as 
follows  : — 3 grms.  of  the  sample,  freed  from  rosin  and  any  saponi- 
fiable substances,  are  dissolved  in  30  c.c.  of  carbon  bisulphide  by 
gently  warming  under  a reflux  condenser.  The  solution  is  cooled  in 
a water-bath  to  25°  C.  and  mixed  with  300  c.c.  of  a solution  prepared 
from  equal  parts  of  96  per  cent  (by  volume)  alcohol  and  ether.  The 
precipitate  obtained  thereby  is  filtered  rapidly  on  a Buchner  filter, 
washed  with  25  c.c.  of  the  alcohol-ether  mixture  at  20°  C.,  and  trans- 
ferred, with  the  aid  of  warm  benzene,  into  a tared  dish  ; the  solvent  is 
evaporated,  and  the  residue  weighed.  The  percentage  of  paraffin  wax, 
p,  is  calculated  from  the  amount  of  precipitate  weighed,  a , by  the 
following  formula — 


2>  = 1°°  - (I°°0Xg)H-60+|(60  - a), 


the  assumption  being  made  that  pure  ceresin  yields  60  per  cent  of 
precipitate  under  the  above  conditions,  whilst  paraffin  waxes  of  every 
description  remain  dissolved  in  the  carbon  bisulphide.  The  authors 
conclude  that  when  the  precipitate  at  25°  C.  is  less  than  50  per  cent 
of  the  original  substance,  then  the  sample  must  be  regarded  as 
adulterated,  whereas  if  55  per  cent  or  more  are  found,  it  may  be 
judged  to  be  pure.  In  case  amounts  lying  between  50  and  55  per 
cent  be  found,  further  tests  are  stated  to  be  required.  By  distilling 
off  part  of  the  solvent  and  cooling  the  residual  liquid,  a precipitate 
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is  obtained  which  is  passed  twice  more  through  the  same  process ; 
thus  altogether  four  precipitates  are  obtained.  The  crystalline 
structure  and  the  refraction  of  all  four  precipitates  are  then  examined. 
In  the  presence  of  paraffin  wax  the  final  precipitates  are  crystalline, 
and  their  appearance  is  distinguishable  from  the  slightly  crystalline 
appearance  of  the  final  precipitates  obtained  from  pure  ceresin.  If  the 
sample  consisted  of  a mixture  of  ceresin  and  paraffin  wax,  then  the  re- 
fraction decreases  in  a marked  degree  from  the  first  to  the  second 
precipitate,  whereas  in  the  case  of  pure  ceresin  a gradual  decrease 
only  is  noticeable.  Thus  a pure  ceresin  with  a refraction  of  13*8 
“degrees”  gave  a first  precipitate  having  a refraction  of  14*6 
“degrees,”  and  a second  precipitate  with  a refraction  of  11  ; whereas 
a “ ceresin  ” containing  50  per  cent  of  paraffin  wax  of  the  refraction 
7 ‘5  yielded  by  the  above  method  a first  precipitate  having  a refrac- 
tion of  16*7  “ degrees,”  and  a second  one  with  a refraction  of  6‘9. 
The  amounts  of  first  precipitates  obtained  in  the  case  of  pure  ceresins 
were  found  to  be  approximately  the  same,  even  when  the  original 
substances  showed  wide  differences  as  regards  melting  point  and 
refraction.  Thus  two  ceresins  melting  at  67°-70°  C.  and  83°-84°  C. 
respectively  gave  at  20°  C.  (at  which  temperature  a larger  amount 
of  precipitate  is  obtained  than  at  25°  C.)  64  and  61  per  cent 
respectively  of  insoluble  substances,  and  two  other  ceresins  having 
the  refraction  of  12 ’6  and  17*8  “degrees”  yielded  66  and  67  per 
cent  respectively  at  20°  C. 

It  would  appear  from  the  foregoing  notes  that  a reliable  method 
of  analysing  ceresin  is  still  a desideratum , as  small  quantities  of  added 
paraffin  wax,  from  10  to  20  per  cent,  cannot  be  detected  with 
certainty.  Marcusson  and  Schliiter’s  method  will,  however,  be  instru- 
mental in  stemming  the  adulteration  of  ceresin,  which  has  been 
practised  to  such  an  extent  that  the  belief  has  gained  ground  that 
pure  ceresin  is  unobtainable  in  commerce.  In  fact,  every  candle- 
maker  buys  only  according  to  sample,  which  he  tests  by  his  own 
practical  methods  as  to  suitability  for  his  purposes. 

Although  ceresin  is  largely  used  in  the  candle  industry  for  stiffen- 
ing the  wicks  of  night-lights,  it  is  not  very  suitable  for  the  production 
of  candles,  not  only  because  those  made  from  pure  ceresin  smoke 
persistently,  but  also  because  ceresin  candles  cannot  be  moulded  in 
machines  as  are  stearine  and  paraffin  wax  candles.  To  prepare  ceresin 
candles,  as  is  done  in  some  continental  works,  the  material  must  be 
“ drawn  ” in  a similar  manner  to  that  employed  in  the  manufacture  of 
beeswax  candles  (see  below).  In  hardness  and  in  illuminating  power 
ceresin  candles  considerably  surpass  paraffin  wax  candles. 

Ceresin  is  further  used  to  a great  extent  as  a constituent  of 
“ wood  fillers  ” and  “ floor  polishes  ” (see  “ Technology  of  Waxes  ”) ; it 
has  also  been  proposed  as  a constituent  of  antifouling  and  antirusting 
paints  (to  replace  effectively  tar),  and  of  “ vaseline.” : 

1 Cp.  also  J.  Girard  and  P.  J.  Tabourin,  French  patent  337,753  ; cp.  also  French 
patent  326,348. 
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(y)  MONTANWAX — LIGNITE  WAX 

French — Cire  cle  lignite.  German — Montanwachs,  Braunkolilenwachs. 

Italian — Cera  di  lignite. 

Montanwax  was  first  prepared  ( E . von  Boyen J)  from  the  bitumen 
extracted  from  dried  Thuringian  lignite  by  means  of  volatile  solvents.1 2 
A specimen  of  the  “ crude  wax  ” examined  in  my  laboratory  melted 
from  80°-86°  C.  It  is  easily  soluble  in  hot  petroleum  ether  and 
in  carbon  tetrachloride,  but  is  not  completely  dissolved  by  hot  ether  or 
boiling  alcohol. 

On  being  distilled  with  superheated  steam,  after  having  been 
freed  from  the  solvent,  this  bitumen  yields  under  ordinary  pressure  a 
white  hard  mass,  melting  above  70°  C.,  and  consisting  of  a mixture 
of  fatty  acids  and  a hydrocarbon.  The  acid,  “ montanic  acid,”  melts 
at  80°  C.,  and  has  the  specific  gravity  0*915.  The  hydrocarbon  is  a 
saturated  compound  of  the  specific  gravity  0*920,  and  crystallises 
from  benzene  in  shining  white  laminae,  melting  at  60*5°  C.  On  heat- 
ing with  concentrated  sulphuric  acid  the  hydrocarbon  is  readily  car- 
bonised (difference  from  paraffin  wax). 

This  hydrocarbon  appears  to  be  a product  of  decomposition,  for 
on  distilling  the  extracted  bitumen  with  superheated  steam  in  vacuo 
the  then  resulting  product  consists  of  montanic  acid  and  of  an  alcohol. 
This  would  point  to  the  bitumen  being  a true  wax  (in  the  chemical 
sense).  The  wax  is  hydrolysed  by  superheated  steam,  and  its  con- 
stituents distil  over  in  the  uncombined  state.  The  alcohol  is  separated 
from  the  acid  by  pressing  in  the  hot.  The  acid  is  then  decolourised 
by  treatment  with  charcoal,  etc. 

The  still  residues — montan  pitch  — are  (like  “stearine  pitch”) 
used  for  insulating  purposes  and  in  the  manufacture  of  gramophone 
cylinders. 

Another  method3  of  purifying  the  crude  bitumen  consists  in 
melting  together  30  parts  of  it  with  70  parts  of  paraffin  wax  and 
treating  the  mixture  with  10  to  20  per  cent  of  sulphuric  acid  of  66° 
Be.  (or  a still  more  concentrated  acid)  at  160°  to  200°  C.,  until  all 
water,  sulphurous  acid,  and  other  volatile  substances  have  been  driven 
off  completely.  The  resulting  product  is  decolourised  by  means  of 
char.  It  is  stated  that  the  added  paraffin  wax  can  be  removed  by 
hot  pressing. 

A sample  of  “ montanwax  ” examined  in  my  laboratory  had  the 
following  characteristics  : — 

1 German  patents  101,373,  116,453,  Ze.it.  j.  angew.  Chem.  1899,  64;  1901,  1110. 
Cp.  also  French  patent  338,736  by  E.  Bouchaud-Praceig,  who  proposes  to  extract  the 
“wax”  from  lignite  and  peat  by  means  of  alcohol  and  ether.  For  vulcanised  bitumen 
cp.  English  patent  21,742,  1907  (S.  Paterson). 

2 II.  Kohler  proposes  the  employment  of  naphthalene  for  extracting  the  bitiimen. 

3 German  patent  202,909  (Ernst  Schliemann’s  Export-Ceresin-Fabrik). 
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Melting  point ..... 
Neutralisation  value  .... 
Un saponifiable  matter  in  neutralised  mass  . 
Saponification  value  . . . . 

Unsaponifiable  in  saponified  mass 


80°  C. 

123-01 

6-40  per  cent. 
126-58 

3*58  per  cent. 


According  to  Hell,1  montanic  acid  2 has  the  formula  C29H5802,  and 
melts  at  84°  C.  On  calculating  the  neutralisation  and  saponification 
numbers  found  in  my  laboratory  to  C29H5802,  the  following  would 
appear  to  be  the  composition  of  montanwax  : — 


From  Neutralisation 
Value. 

.From  Saponification 
Value. 

1 

Per  cent. 

Per  cent. 

Acid 

96-04 

98-82 

Unsaponifiable  . 

6*40 

3-58 

102-44 

102-40  ‘ 

^►From  these  numbers  the  conclusion  may  be  drawn  that  the  pro- 
duct still  contains  some  undecomposed  “ wax.”  The  excess  of  over 
2 per  cent  requires,  however,  further  explanation. 

Whereas  Engler  3 stated  that  montanwax  in  a 1*5  per  cent  chloro- 
form (or  picoline)  solution  does  not  exhibit  optical  rotation,  Walden  4 
found  for  a crude  bitumen  obtained  from  lignite  by  extraction  with 
benzene,  and  then  again  extracted  with  absolute  alcohol,  the  specific 
rotation  [a]D  = +10°.  On  distilling  the  bitumen  in  vacuo , Walden 
obtained  a yellow  oil  of  buttery  consistence  which  furnished,  after 
recrystallisation  from  alcohol,  snow-white  crystals,  melting  at  61°  to 
62°  C.  and  exhibiting  slight  rotation  in  chloroform  solution. 

This  product  was  at  first  proposed  as  a candle  material,  but  ex- 
tended experience  has  shown  that  it  is  useless  for  this  purpose.  As 
a “ candle  stiffener  ” it  is  greatly  inferior  to  carnaiiba  wax.  The 
“German  method”  (p.  216)  of  determining  the  melting  point  lead  to 
the  erroneous  view  that  montanwax  raises  the  melting  point  of  paraffin 
wax  or  “ stearine,”  with  which  it  is  admixed.  When  the  melting  points 
of  mixtures  of  paraffin  wax  and  montanwax  are  determined  by  Sliuhoff s 
method,  they  are  found  lower  than  is  indicated  by  calculation  (cp. 
Vol.  I.  Chap.  III.).  Montanwax  is  chiefly  used  as  a carnaiiba  wax 
substitute  in  the  manufacture  of  polishes  (see  “Technology  of 
Waxes  ”),  and  as  an  insulating  material  in  place  of  ceresin. 


Nearly  related  to  montanwax  appear  to  be  “ Seaweed  Wax  ” 
(“Wax  from  Algae”)  and  “Peat  wax.” 

Seaweed  wax  ( wax  from  Algce)  (French — Cire  de  fucus ; German — 
Algenwachs  • Italian — Cera  di  alga)  is  obtained  from  marine  deposits  of 

1 Zeit.f.  angew.  Chem.  1900,  556. 

2 “Geoceric  acid”  (Kraemer  and  Spilker,  Berichte,  1902,  1217). 

3 Chem.  Zeit.  1906,  711.  4 Ibid.  1906,  1167. 
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algce , which  are  known  in  Germany  as  “ Seeschlick,”  and  are  found  in 
large  quantities  in  the  peat-bogs  of  North  Germany.  This  wax1  appears 
to  consist  of  arachidic,  behenic,  and  lignoceric  acids,  combined  with  higher 
alcohols  containing  in  the  molecule  20  to  22  atoms  of  carbon. 

In  the  opinion  of  Kraemer  this  wax  is  the  mother  substance  of 
petroleum,2  and  the  naphthenic  acids  occurring  in  petroleum  would 
represent  acidic  decomposition  products  of  the  wax. 

Peat  Wax  (French  — Cire  de  tourbe  ; German  — Torfwachs ; 
Italian — Cera  di  torba). — By  extracting  peat  with  alcohol  a wax-like 
substance  is  obtained  which  can  be  resolved  by  means  of  ether  into 
two  components.  The  more  readily  soluble  dark- green  wax,  the 
odour  of  which  is  similar  to  that  of  beeswax,  yielded  on  saponification 
with  caustic  soda  an  acid  melting  at  184°  C.  and  showing  the  com- 
position C16H2505,  and  an  alcohol,  melting  from  124°  to  130°  C., 
having  the  composition  C20H40O4.  The  second  substance,  which  is 
more  sparingly  soluble  in  alcohol,  furnished  on  saponification  the 
same  alcohol,  whilst  the  acid  which  was  combined  with  it  has 
probably  the  composition  C21H3507;  this  acid  did  not  melt  at  260°  C. 


The  selection  of  suitable  candle  material  or  mixtures  of  candle 
materials  for  every  given  purpose,  and  the  selection  of  wick  for  these 
require  special  experience.  Thus  a candle  material  having  too  low 
a melting  point  will  cause  guttering  and  bending  of  the  candle, 
whereas  a candle  of  too  high  a melting  point  will  burn  with  an  outer 
“cup,”  inasmuch  as  the  supply  of.  melted  material  is  not  sufficiently 
plentiful  to  keep  up  the  burning. 

The  finished  candle  material  is  made  into  candles  by  melting  and 
moulding  it  in  the  well-known  candle  machines.  These  machines  are 
in  outer  appearance  similar  to  the  soap-cooling  machine  shown  in 
Fig.  23.  Like  the  latter,  they  are  supplied  with  hot  and  cold  water, 
but  carry  in  addition  at  the  lower  part  the  wick  bobbins  which 
supply  the  wick  to  the  candle  material. 

These  machines  work  discontinuously ; after  the  material  has 
been  poured  into  the  mould  the  candles  are  allowed  to  solidify, 
and  are  then  taken  out  by  hand.  A continuous  candle  machine  has 
been  constructed  by  Fournier  and  Company?  This  machine  appears 
to  be  somewhat  complicated,  although  it  may  commend  itself  to  large 
candle-works  which  suffer  from  shortage  of  water.  A description  of 
candle  machines  and  of  the  various  forms  of  moulds  for  self-fitting, 
hollow,  and  other  candles  falls  outside  the  scope  of  this  work,  and 
may  be  omitted  all  the  more  readily,  as  all  candle  machine  makers 
supply  catalogues  containing  excellent  illustrations  and  full  descrip- 
tions, and  setting  out  in  detail  the  advantages  of  their  machines.4 

1 Kraemer  and  Spilker,  Berichte  d.  d.  chem.  Gesellsch,  1889,  2940 ; 1902,  1212, 

2 Chem.  Zeit.  1907,  675.  3 Engineering , 1901,  February  1. 

4 With  regard  to  moulds  made  from  porcelain  and  similar  material,  cp.  German 
patent  195,702  (V.  Lewy). 
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Nor  does  the  full  description  of  the  preparation  of  candle  wicks 
come  within  the  purview  of  this  work.  It  need  therefore  only  be 
pointed  out  briefly  that  the  preparation  of  the  wick  is  of  great 
importance  in  order  to  ensure  the  proper  burning  of  a candle,  each 
candle  material  requiring  a wick  of  different  thickness  so  as  to  pre- 
vent “guttering  ” on  the  one  hand,  and  burning  with  a smoky  flame 
on  the  other.  The  wicks  are  made  of  best  cotton,1  and  are  plaited 
( Cambaceres ),  so  that  they  curl  and  bend  outside  the  flame,  where  the 
cotton  can  burn  away  completely.  Before  being  put  into  the  candle 
machine  the  wick  undergoes  “pickling,”  the  object  of  this  process 
being  to  retard  the  too  rapid  combustion  of  the  cotton  and  at  the 
same  time  to  slightly  vitrify  it  when  it  protrudes  from  the  flame,  so 
that  the  ash  may  drop  off  readily.  The  composition  of  “ pickling  ” 
solutions  used  to  be  guarded  as  a valuable  secret,  and  each  maker  had 
his  own  recipe,  specially  adapted  to  his  own  candle  material.  Most 
of  the  pickling  solutions  contain  borax,  or  phosphate  of  ammonia,  or 
potassium  nitrate,  or  similarly  acting  salts.2  The  wick  is  prepared 
by  steeping  the  plaited  material  in  the  pickling  solution.  The  excess 
of  the  latter  is  removed  in  a centrifugal  machine,  and  the  hanks  are 
then  dried  in  a stove  or  hot-air  chamber,  and  finally  wound  on  to  the 
bobbins. 

In  order  to  ensure  the  ready  lighting  of  a candle  Haase  3 impreg- 
nates the  protruding  end  of  the  wick  with  a solution  of  celluloid  in 
acetone.  Ohlsson  4 attempts  to  reach  the  same  object  by  a mechanical 
arrangement  in  so  shaping  the  mould  that  the  end  of  the  wick  is 
saturated  with  the  candle  material. 

The  finished  candles  are  washed,  polished,  branded  by  machinery, 
and  bleached  by  exposure  to  light  before  being  packed. 

The  chemical  examination  embraces  a number  of  tests  which  have 
already  been  referred  to  incidentally  under  the  description  of  the 
different  candle  materials  enumerated  above.  Further  tests  to  which 
the  finished  candles  are  subjected  are  “bending  tests”  (“stability 
tests  ”),  and  tests  as  to  the  length  of  time  a candle  is  expected  to  burn 
(especially  in  the  case  of  night-lights).  Details  of  these  tests  are 
generally  laid  down  in  specifications  between  buyer  and  seller. 

The  determination  of  the  illuminating  power  (candle  power)  of  a 
given  candle  falls  outside  the  scope  of  this  work  (cp.  also  “ Sperm 
Candles,”  below).  It  must  therefore  suffice  to  reproduce  here  a few 
numbers  taken  from  a table  by  LocJcemann  5 : — 

1 Wicks  made  of  paper  have  been  patented  by  S.  Funke,  German  patent  195,822. 
Wicks  containing  a wire  of  easily  fusible  and  combustible  metal  (especially  for  hollow 
candles)  have  been  patented  by  Varenkamp  (German  patent  108,341). 

2 Esche,  French  patent  324,739,  patents  a “pickling”  solution  consisting  of  sodium 
silicate,  sodium  thiosulphate,  and  ammonium  bichromate.  The  dried  wick  is  then  finally 
coated  with  Japan  wax. 

3 German  patent  158,928  ; French  patent  342,527. 

4 Ohlsson,  German  patent  150,916. 

5 Zeit.f.  angew.  Chem.  1906,  1763. 
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An  inquiry  made  by  the  author  in  1903  respecting  the  annual 
consumption  of  candle  material  in  this  country  led  to  the  estimate 
of  45,600  tons,  which  may  be  distributed  over  the  different  materials 
described  above  as  follows  : — 


Tallow  . 

“ Stearine  ” 
Paraffin  wax 
Ceresin 


1,000  tons 
2,190  „ 
42,200  „ 
100  „ 


45,490  tons  1 


In  the  Saxo-Thuringian  candle  industry  about  8000  tons  of 
paraffin  wax  are  consumed  annually ; to  this  may  be  added  about  20 
per  cent  of  “ stearine  ” used  as  a “ stiffener.”  Further  general  statis- 
tical data  on  which  any  reliance  could  be  placed  are  not  obtainable. 
It  may,  however,  be  added  that  France  imported  in  1906  and  1907 
the  following  amounts  of  “ stearic  ” acid  : 2,022,000  and  2,807,000 
kilogrms.  respectively. 


II.  FATTY  ACID  INDUSTRY 

The  solid  fatty  acids  prepared  in  the  arts  consist  almost  exclusively 
of  a mixture  of  stearic  and  palmitic  acids,  the  manufacture  of  which 
has  been  described  fully  in  the  preceding  section.  The  bulk  of  the 
“ stearine  ” finds  its  employment  in  the  candle  industry ; only  small 
quantities  are  used  in  other  industries,  as  in  the  making  of  polishes 
(see  below),  copying  ribbons  and  papers,2  and  as  an  adulterant  of 
beeswax.  Lower  qualities  of  “ stearine,”  such  as  are  obtained  from 
“ Waste  Fats  ” (Chapter  XVI.),  are  used  for  soap-making  purposes, 
etc.,  for  which  the  “ stearine  ” described  above  would  be  too  expen- 
sive. This  applies  especially  to  those  stearines  which  contain  notable 
amounts  of  unsaponifiable  matter. 

The  preparation  of  other  solid  fatty  acids  belonging  to  the 
saturated  series  has  been  described  in  Yol.  I.  Chap.  III.,  but  none  of 
them  is  prepared  on  a commercial  scale,  as  no  demand  has  arisen 
hitherto,  although  there  appears  to  be  a wide  field  open  for  their 
application  in  the  arts.3 

The  lower  fatty  acids  from  butyric  upwards  are  used  as  such 
(cp.  butyric  acid  in  margarine  manufacture,  p.  24)  to  a very  small 
extent  only.  Larger  quantities  of  those  acids  are  used  in  the  form 
of  esters  as  flavouring  essences.  A description  of  the  processes 
employed  for  the  preparation  of  such  essences  falls  outside  the  scope 
of  this  work,  and  it  need  only  be  mentioned  that  for  their  prepara- 
tion Haller 4 treats  glycerides  containing  notable  amounts  of  lower 
fatty  acids,  such  as  cocoa  nut  oil  and  palm  kernel  oil,  with  a methyl-  or 

1  Spermaceti  candles,  50  tons  ; beeswax  candles,  60  tons. 

2  Cp.  German  patents  170,820,  171,999. 

3  Cp.  Bonnet,  English  patent  21,068,  1900  ; German  patent  124,237. 

4  French  patent  361,552. 
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ethyl-alcoholic  solution  of  hydrochloric  acid  (“alcoholysis”),  and 
interrupts  the  process  of  saponification  when  the  methyl  or  ethyl 
esters  of  the  lower  glycerides  have  been  formed ; these  are  then 
separated  off  and  used  for  purposes  of  perfumery.  The  same  object  is 
protected  in  a patent  specification  by  Winter,1  who  saponifies  cocoa 
nut  and  palm  nut  oils  to  an  extent  of  90  per  cent  only,  and  then 
fractionates  the  product  with  superheated  steam  in  vacuo  (cp.  p.  182). 
His  modus  operandi  may  be  illustrated  by  the  following  data  : — 


Fraction. 

Temperature. 

Vacuum. 

Yield. 

First  

Second 

Residue,  neutral  fat,  tarry  matter 

°C. 

220-222 

222-240 

mm. 

50-100 

50-100 

Per  cent. 

50 

40 

10 

The  most  important  of  all  the  liquid  fatty  acids , from  a technical 
point  of  view,  is  oleic  acid,  which  will  be  described  below.  The  method 
for  preparing  other  liquid  fatty  acids  has  been  given  in  Vol.  I.  Chap.  III., 
but  hitherto  these  have  not  yet  found  extensive  application  in  the 
arts,  although  to  them  also  a wide  field  lies  open.  Attempts  have 
been  made  to  use  them  as  solvents ; thus  the  fatty  acids  of  linseed 
oil  or  tung  oil  are  proposed,  at  temperatures  above  300°  C.,  as 
solvents  of  keratin2  (waste  scraps  of  horn,  etc.),  and  linseed  oil  fatty 
acids  as  solvents  of  copal  gums  (without  previous  melting)  in  the 
manufacture  of  varnishes.3 

With  regard  to  the  technical  application  of  “ ricinoleic  acid  ” cp. 
“Wool  Oils”  (p.  88). 

Besides  oleic  acid , this  section  deals  with  “Soap  Stock  Fatty 
Acids  ” and  “ Derivatives  of  Fatty  Acids  ” made  on  a commercial 
scale. 


1.  Oleic  Acid,  Oleine,  Elaine,  Commercial  Oleic  Acid 

French — Acide  oUique.  German — Olsdure,  Olein,  Eldin. 

Italian — Acido  oleico,  Oleina. 

Commercial  oleic  acid  is  a by-product  of  the  candle  industry ; 
and,  as  has  been  pointed  out  already,  it  is  obtained  in  two  qualities, 
viz.  “ saponification  oleine  ” and  “ distillation  oleine.” 

Saponification  oleine  4 is  usually  of  dark  colour,  and  unless  carefully 
freed  from  “ stearine  ” by  refrigeration,  contains  considerable  quantities 

1 German  patent  170,563.  2 German  patent  191,552. 

3 Livache,  Compt.  rend.  1908,  898. 

4 In  Austria  “oleine”  from  the  cold  presses  is  sold  as  “saponification  oleine,  pure,” 
to  differentiate  it  from  oleine  obtained  from  the  hot  presses  which  is  sold  as  “ saponifica- 
tion oleine,  commercial  (ordinary).” 
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of  solid  fatty  acids.  Hence,  the  iodine  value  of  such  oleine  lies 
much  below  90  (cp.  Yol.  I.  Chap.  I.).  All  the  neutral  fat  which 
has  escaped  hydrolysis  in  the  autoclave  processes  is  found  in  this 
oleic  acid.  Hence,  its  saponification  value  is  higher  than  its  neutral- 
isation value. 

All  the  unsaponifiable  matter  contained  in  the  fats  subjected  to 
“ autoclaving  ” is  likewise  found  in  the  oleine. 

Distillation  oleine  obtained  by  the  sulphuric  acid  saponification 
process  or  by  the  “ mixed  process  ” is  a distilled  product,  and  hence 
represents  a pale  transparent  oil.  It  usually  contains  small  quantities 
of  solid  fatty  acids,  so  that  the  iodine  value  of  properly  manufactured 
“distillation  oleine  ” from  tallow  lies  between  80  and  86. 

Before  the  process  of  distilling  fatty  acids  had  reached  its  present 
state  of  perfection  large  quantities  of  hydrocarbons  (cp.  p.  179)  distilled 
over  together  with  the  oleine,  in  consequence  of  destructive  distilla- 
tion of  neutral  fat  taking  place  in  the  still.  It  was  then  easy  to 
distinguish  “distillation  oleine”  from  “saponification  oleine”  by  the 
presence  of  hydrocarbons  in  the  former.  At  present,  however,  the 
manufacturing  processes  are  carried  out  in  such  a manner  that  the 
distillation  oleines  of  commerce  are  practically  free  from  products  of 
decomposition.1 

The  following  table  contains  a few  analyses  of  typical  “ oleines  ” 
as  obtained  in  the  saponification  of  fats  : — 

1 In  order  to  avoid  the  formation  of  hydrocarbons  when  distilling  fatty  acids  (especi- 
ally those  from  acidification  processes)  Dreymann  (English  patent  10,466,  1904  ; French 
patent  343,158  ; German  patent  164,154)  converts  the  fatty  acids  into  their  methyl  or 
ethyl  esters  (see  Vol.  I.  Chap.  XII.),  and  distils  the  esters  in  a current  of  steam  in  vacuo. 
The  esters  are  then  saponified  in  autoclaves  so  as  to  regenerate  the  fatty  acids  and  to 
recover  the  alcohol.  It  appears  to  the  author  very  unlikely  that  a process  of  this  kind 
will  ever  be  carried  out  on  a large  scale,  as  the  cost  would  be  prohibitive. 
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Analysis  of  Commercial  Oleines  ( Lewkowitsch ) 


Free 

Fatty 

Acids. 

Un- 

saponi- 

fiable. 

Neutral  Fat. 

Commercial  Oleine  from 

Consistence. 

Colour. 

I 

Direct. 

By 

Differ- 

ence. 

Iodine 

Value. 

Tallow  by  autoclave  pro- 
cess .... 

Fluid,  with 
slight  deposit 

Dark  brown 

Per 

cent. 

88-2 

Per 

cent. 

Per 

cent. 

11-5 

Per 

cent. 

80 

Tallow  and  palm  oil  by 
autoclave  process  . 

Clear  liquid 

Dark  brown 

86*6 

! 14-0 

Tallow  and  palm  oil  by  lime 
saponification  . 

Pale  brown 

94-6 

2-6 

1 3-4 

Tallow  and  palm  oil  by  acid 
saponification  . 

Clear  liquid 

Pale  broAvn 

92*2 

3-2 

Lact 

ones. 

5'6 

Tallow  and  palm  oil  by  acid 
saponification  . 

Solid  at  15°  C. 

White 

97 '8 

1-0 

1-2 

Tallow  by  acidification, 
twice  distilled 

96-9 

3*0 

3-1 

81*3 

Tallow  and  palm  oil  by 
acidification,  twice  dis- 
tilled .... 

94*5 

4*02 

1-3 

82-3 

Other  “ oleines  ” obtained  from  waste  products  of  the  fat  indus- 
tries, and  containing  large  proportions  of  unsaponifiable  matter,  have 
been  described  already  under  the  headings  : “ Wool  Oils  ” (Table, 
p.  84),  and  “ Distilled  Oleines  from  Recovered  Grease  ” (p.  84). 
An  exhaustive  examination  of  “ oleine  ” of  the  latter  kind  has 
been  given  by  way  of  example  in  Yol.  I.  Chap.  XI.  (cp.  also 
Chap.  XVI.). 

For  further  information  on  oleines  from  waste  fats,  such  as 
“ Cotton  Seed  Foots,”  the  reader  is  referred  to  Chapter  XYI. 

In  an  oleine  intended  for  the  manufacture  of  soap  the  unsaponi- 
fiable matter  only  need  be  determined,  a certain  proportion  of  solid 
fatty  acids  or  of  neutral  fat  being  rather  desirable  than  otherwise. 
For  the  rapid  valuation  of  saponification  oleine,  intended  for  soap- 
making, it  suffices  to  saponify  with  alcoholic  potash,  and  divide  200  x 
100  by  the  saponification  value  found,1  when  the  percentage  of  saponi- 
fiable fat  is  obtained  with  sufficient  accuracy.  If  it  be  required  to 
ascertain  whether  a sample  of  saponification  oleine  has  been  obtained 
from  tallow  only,  or  from  a mixture  of  tallow  with  a vegetable  fat, 
the  phytosteryl  acetate  test  (Yol.  I.  Chap.  IX.)  will  give  the  readiest 
answer. 

1 Taking,  for  the  purposes  of  rapid  calculation,  200  as  the  neutralisation  value  of 
oleic  acid. 
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Saponification  oleine,  which  is  too  dark  for  certain  commercial 
purposes  ( e.g . pale  soap),  can  be  “bleached”  successfully  (cp. 
Vol.  II.  Chap.  XIII.). 

In  the  examination  of  distilled  oleine  the  proportion  of  unsaponi- 
fiable  matter  is  best  determined  direct.  Its  amount  furnishes  a guide 
as  to  the  care  with  which  the  product  has  been  manufactured.  The 
data  given  in  the  foregoing  table  supply  the  necessary  guidance. 

“Distilled  grease  oleine”  in  best  “distillation  oleine”  is  detected 
by  means  of  the  cholesterol  and  isocholesterol  reactions,  as  also  by 
the  presence  of  a notable  proportion  of  unsaponifiable  matter. 

The  methods  proposed  for  the  partial  or  complete  conversion  of 
oleic  acid  into  solid  material  have  been  fully  discussed  above,  p.  188. 

The  uses  to  which  oleic  acid  is  put  have  been  incidentally  pointed 
out  in  preceding  sections  of  this  chapter.  It  need  therefore  only  be 
briefly  repeated  that  oleine  is  used  extensively  as  wool  oil  and  in 
soap-making,  especially  for  the  manufacture  of  textile  soaps  and  soap 
powders  (dry  soap) ; smaller  quantities  are  employed  in  the  prepara- 
tion of  metallic  soaps  (bismuth,  copper,  ferrous,  ferric,  lead,  and 
mercuric  oleates x)  for  pharmaceutical  and  technical  purposes  (cp. 
“ Salts  of  the  Alkaline  Earths  and  Heavy  Metals,”  below). 

Germot  and  Rivihre  2 claim  the  application  of  oleic  acid  for  dissolving 
hard  and  semi-hard  gums  in  the  manufacture  of  varnishes.  It  should, 
however,  be  noted  that  oleic  acid  does  not  dissolve  gum-resins. 


2.  Soap  Stock  Fatty  Acids 

By  the  term  “ soap  stock  fatty  acids  ” the  author  denotes  those 
commercial  fatty  acids  which  are  prepared  on  a large  scale  for  the 
purposes  of  soap  manufacturers.  These  differ  essentially  from  the 
fatty  acids  obtained  in  candle-making  processes,  in  that  they  contain 
considerable  amounts  of  neutral  fats — as  a rule,  from  10  to  20  per 
cent. 

The  industry  dealing  with  these  products  has  sprung  up  during 
the  last  decade  since  the  successful  recovery  of  glycerin  from  soap 
lyes  in  England,  France,  and  the  United  States  forcibly  drew  the 
attention  of  even  small  soap-makers  in  other  countries  to  the  waste  of 
glycerin  that  was  allowed  to  take  place  in  soap-works.  The  manu- 
facture of  soap  from  oleic  acid,  the  by-product  of  the  candle  industry, 
served  as  a model  and  as  an  inducement  to  attack  on  a commercial 
scale  the  frequently  suggested  proposal  to  hydrolyse  (“  deglycerinise  ”) 
neutral  fats  in  soap-works  (with  a view  to  recovering  a richer  glycerin 
than  is  obtained  in  the  “ salt  crude  glycerin,”  p.  305),  and  then  to 
convert  the  resulting  free  fatty  acids  into  soap  by  boiling  them  with 
caustic  alkali  or  alkali  carbonate,  or,  if  necessary,  with  a mixture 
of  both. 

1 G.  M.  Beringer,  Amer.  Journ.  of  Pharm.  1889  (61),  593  ; W.  A.  H.  Naylor, 
Pharm.  Journ.  1901  (66),  392. 

2 French  patent  159,635,  1884. 
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The  following  methods,  differing  as  regards  the  principles  which 
underlie  the  manufacturing  processes,  have  been  elaborated,  and  are 
now  being  carried  out  in  practice  : — 

(1)  Preparation  of  soap  stock  fatty  acids  by  the  autoclave  process. 

(2)  Preparation  of  soap  stock  fatty  acids  by  the  Twitchell  process. 

(3)  Preparation  of  soap  stock  fatty  acids  by  the  ferment  process. 

These  processes  would  seem  to  belong  to  the  domain  of  a soap- 
works.  They  are,  however,  largely  carried  out  in  separate  establish- 
ments, where  the  chief  object  is  to  recover  the  glycerin,  the  fatty 
material  being  sold  to  small  soap-makers,  who  are  not  in  a position 
to  undertake  themselves  the  manufacturing  operations  involved  in 
“ deglycerinising.” 

(1)  Preparation  of  Soap  Stock  Fatty  Acids  by  the  Autoclave  Process 

The  practice  of  the  candle  industry  showed  that  the  higher  the 
pressure  at  which  the  autoclaves  are  worked  the  more  discoloured 
become  the  fatty  acids,  and  especially  the  oleic  acid,  as  most  of  the 
colouring  substances  remain  dissolved  in  the  expressed  “ oleine.” 
The  soaps  made  from  autoclaved  oleine  were  too  dark  to  find  favour 
with  the  public,  and  were  therefore  chiefly  used  for  textile  purposes. 

Since  the  fatty  material  autoclaved  at  a pressure  of  15  atmo- 
spheres yielded  too  dark  a material  to  be  converted  into  saleable 
household  soap,  and  even  material  obtained  at  a pressure  of  8 
atmospheres  (using  a certain  amount  of  lime,  magnesia,  zinc  oxide, 
cp.  p.  166)  gave  “off-coloured”  products,  a compromise  was  made 
between  the  process  of  the  candle-maker  and  the  customary  process 
of  the  soap-maker  (p.  251)  by  hydrolysing  the  oils  and  fats  required 
by  the  soap-maker  with  the  assistance  of  bases  (cp.  p.  166)  in  an 
autoclave  at  an  even  lower  pressure.  Thus  it  was  hoped  to  prevent 
discolouration  of  the  fatty  material. 

A process  of  this  kind  was  patented  by  Dangoise  and  the  SocidU 
generate  Beige  de  Ddglycdrination. 1 The  patent  claims  as  a novelty  the 
introduction  into  the  autoclave  of  a portion  of  the  fatty  matter  and 
base  resulting  from  a previous  operation — in  other  words,  a portion 
of  the  fatty  mass  (hydrolysed  in  the  well-known  manner  at  a pressure 
of  5 to  6 atmospheres)  from  a previous  charge  is  left  in  the  autoclave. 
Thus  more  rapid  hydrolysis  is  induced  at  the  outset  by  virtue  of  the 
emulsifying  power  of  the  once  formed  soap.  As  the  base  (catalyst), 
lime,  with  the  addition  of  zinc  and  zinc  oxide,  is  used. 

From  the  table  given,  p.  170,  it  will  be  gathered  that  the  bulk  of 
the  fat  is  hydrolysed  during  the  first  few  hours,  wThilst  the  progress  of 
saponification  during  the  later  hours  is  disproportionately  slow. 
Thus  the  fatty  acids  first  formed  are  exposed  to  high  pressure 
during  a long  time,  and  changes  occur  which  act  injuriously  on 
them  with  the  production  of  “ off-coloured  ” material.  By  reducing  the 

1 English  patent  11,074,  1901  ; German  patent  171,200. 
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pressure  to  5-6  atmospheres,  and  by  reducing  simultaneously  the  time 
during  which  the  autoclaving  process  is  conducted,  a less  discoloured 
product  is  obtained.  The  theoretical  explanations  given  in  Vol.  I. 
Chapter  II.  lead  a priori  to  the  conclusion  that  under  these  conditions 
hydrolysis  must  be  far  from  complete.  Indeed,  most  of  the  auto- 
claved soap  stock  fatty  acids  which  the  author  has  examined  during 
recent  years  contained  from  10  to  20  per  cent  of  unsaponified  fat. 
It  may  also  be  pointed  out  that,  notwithstanding  the  introduction  of 
zinc  oxide  (zinc  dust),  discolouration  of  the  fatty  acids  could  not  be 
prevented.  G.  Bottaro  patented 1 a process  for  decomposing  lime 
soap  by  means  of  gaseous  sulphurous  acid  at  a temperature  of 
30°-40°  C.,  with  a view  to  bleaching  the  fatty  acids  as  they  separate 
(and  also  to  obtain  simultaneously  a concentrated  solution  of  glycerin). 

Further  information  on  this  subject  will  be  given  below  (p.  266). 


(2)  Preparation  of  Soap  Stock  Fatty  Acids  by  the  Twitchell  Process 

The  Twitchell  process  of  hydrolysing,  described  Yol.  I.  Chap.  II., 
has  also  been  adopted  for  the  manufacture  of  soap  stock  fatty  acids. 
It  has  been  pointed  out  already  that  the  Twitchell  process  fatty  acids 
readily  darken  on  exposure  to  the  air,  and  that  it  is  therefore  essential 
to  exclude  access  of  air  as  much  as  possible.  This  is  all  the  more 
necessary  in  the  preparation  of  soap  stock  fatty  acids,  and  in  this 
case  contact  with  air  must  be  still  more  rigorously  prevented  by  pass- 
ing steam  over  the  fatty  acids  whilst  they  settle  out.  Furthermore, 
the  full  time  required  for  the  completion  of  the  hydrolysis  is  not 
allowed  in  this  case ; hence  the  amount  of  neutral  fat  in  the 
product  is  much  larger  than  in  the  material  prepared  for  candle- 
making purposes.  The  necessity  of  preventing  serious  discoloura- 
tion has  led  to  the  practice  of  reducing  the  quantity  of  the 
reagent  to  less  than  1 per  cent,  as  it  was  found  that  the  larger  the 
quantity  of  the  sulpho-aromatic  substance  added  the  deeper  coloured 
became  the  product.  Both  factors  contribute  materially  to  reducing 
the  amount  of  free  fatty  acid  formed  and  to  leaving  a correspondingly 
larger  amount  of  neutral  fat  in  the  mass.  The  author  found  in 
commercial  soap  stock  fatty  acids  made  by  this  process  from  14  to 
20  per  cent  of  neutral  fat. 

With  regard  to  the  soaps  obtained  from  this  material  cp.  p.  269. 


(3)  Preparation  of  Soap  Stock  Fatty  Acids  by  the  Ferment  I’rocess 

The  theory  of,  and  the  principles  underlying,  this  process  have 
been  explained  fully  in  Yol.  I.  Chap.  II.  The  original  modus  operand i,2 
in  which  ground  castor  seeds  (together  with  their  husks)  were 
brought  into  an  emulsion  with  oils  (or  fats)  and  water  slightly 
acidulated  with  acetic  acid  or  acid  salts,  has  been  abandoned,  as  the 

1 English  patent  23,534,  1906. 

2 Connstein,  English  patent  22,111,  1902  ; Vereinigte  chemische  Werke,  Act.  Ges. 
German  patents  145,413,  147,757  ; French  patent  328,101. 
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formation  of  a most  troublesome  middle  layer  between  the  fatty  and 
aqueous  layers  led  to  considerable  losses  of  fatty  matter  and  other 
concomitant  drawbacks  (low  quality  of  glycerin,  etc.).  Even  the 
use  of  decorticated  seeds,  although  palliating  the  evil,  did  not 
remedy  the  inconveniences.  The  author’s  1 suggestion,  viz.  to  isolate 
the  ferment  itself,  has  been  worked  out  to  a manufacturing  process  by 
Nicloux,2 3  who  triturates  decorticated  castor  seeds  with  castor  or 
cotton  seed  oil,  filters  the  mass  through  a fine  silk  gauze,  and  centri- 
fuges the  turbid  oil  so  obtained.  The  residue  remaining  on  the 
filter  may  be  subjected  again  to  the  same  process,  but  in  practice  (see 
below)  it  is  thrown  away  as  valueless.  The  turbid  filtrate  separates 
into  three  layers.  The  excess  of  oil  forms  the  uppermost  layer,  the 
practically  inactive  aleuron  grains  and  membranes  fall  to  the  bottom, 
whilst  the  eytoplasma  emulsified  in  oil  is  found  in  the  middle  layer. 
This  latter  is  used  as  the  hydrolysing  agent. 

Hoyer  z also  endeavoured  to  isolate  the  ferment,  or  at  least  to 
obtain  preparations  richer  in  active  substance  than  the  castor  seeds 
themselves.  Hoyer  insisted  on  the  necessity  of  working  in  an  acid 
medium,  but  Nicloux  found  in  the  course  of  his  experiments  that  the 
best  technical  results  are  obtained4  in  a neutral  medium  ( e.g . a solution 
of  magnesium  and  calcium  sulphates),  and  that  it  is  advantageous, 
especially  in  the  case  of  oils  and  fats  containing  glycerides  of  lower 
fatty  acids,  to  remove  the  free  acids  by  washing  with  soda.5  The 
retarding  effect  of  lower  fatty  acids  was  later  on  confirmed  by  Hoyer, 6 
who  found  that  the  castor  seeds  contain  an  acid -forming  water- 
soluble  ferment,  which  produces  sufficient  acid  to  “ activate  ” the 
lipolytic  ferment  ( Nicloux’s  lipaseidin),  and  which  seems  to  consist  of 
a mixture  of  volatile  fatty  acids  and  lactic  acid.  A series  of  experi- 
ments undertaken  by  Hoyer  with  a view  to  isolating  the  lipolytic 
enzyme  by  means  of  a mixture  of  petroleum  ether  and  chloroform  7 
(1  volume:'  2 volumes)  led  to  the  preparation  of  “ ferment  - oil,” 
consisting  of  a mixture  of  castor  oil  and  protoplasma  ( Nicloux’s  cyto- 
plasma),  and  forming  about  64  per  cent  of  the  original  castor  seed. 

As  it  was  evident  that  the  manufacture  of  this  “ ferment-oil  ” 
could  not  lead  to  a technical  process,  other  experiments  were  made 
by  Hoyer  with  a view  to  preparing  an  emulsion  of  the  lipolytic 
ferment  by  expressing  the  seeds  after  triturating  them  with  water. 
But  as  these  experiments  proved  of  no  avail,  Nicloux’s  process  of 
centrifuging  was  adopted  as  the  best  method  in  the  initial  stages,  and 
was  followed  by  the  preparation  of  a “ ferment- milk  ” (termed  in 

1 Lewkowitscli,  “Problems  in  the  Fat  Industry,”  Journ.  Soc:  Chem.  Ind.  1903,  596  ; 
Report  on  V.  Internat.  Congress , Berlin,  vol.  ii.  p.  544. 

2 French  patent  335,902,  first  addition  No.  3192  ; English  patents  8233,  1904  ; 
8304,  1904  ; German  patents  188,511,  197,444. 

3 Berichte , 1904,  1436  ; cp.  also  French  patent  350,122.  and  first  addition  to  French 
patent  335,902. 

4 French  patent  349,213  ; German  patent  191,113  ; cp.  also  Nicloux,  Contributions 
d V etude  de  la  saponification  des  corps  gras,  Paris,  1906. 

5 Nicloux  and  Urbain,  French  patent  349,942. 

® Xe.it.  f.  physiolog.  Chem.  1907  (50),  414. 

' Cp.  also  first  addition  No.  3192  to  French  patent  335,902. 
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technical  practice  “ferment”).  The  “ferment”  is  obtained  in  the 
following  manner : — Decorticated  castor  seeds  are  ground  up  with  a 
large  quantity  of  water  in  a suitable  mill,  and  the  mass  is  filtered 
from  the  suspended  solid  substances,  whereby  a white  creamy  liquor 
is  obtained.  If  this  liquor  is  allowed  to  ferment  spontaneously, 
water  separates,  and  there  rises  to  the  top  a thick  creamy  emulsion, 
consisting  of  38  per  cent  of  castor  oil  fatty  acids,  58  per  cent  of 
water,  and  4 per  cent  of  albuminoid  substances.  The  latter  constitute 
the  actual  lipolytic  agent.1  Finally,  it  was  found  that  a better  “ acti- 
vator ” than  magnesium  or  calcium  sulphate  (see  above)  is  manganese 
sulphate,  the  addition  of  which  to  the  emulsion  has  also  been 
patented.2 

(The  accelerating  action  of  certain  metallic  salts  was  first  dis- 
covered by  Pottevin .3  Other  activators  claimed  recently  are  amino- 
acids  and  acid  amides,  obtained  by  allowing  albuminoid  substances 
(such  as  oil  cakes  deprived  of  their  oil)  spontaneously  to  undergo  proteo- 
lytic hydrolysis  at  40°  C.4  Lombard 5 recommends  as  an  activator 
ethyl  acetate,  of  which  1 part  is  stated  to  suffice  for  100,000  parts 
of  oil.) 

The  manufacturing  operations  are  at  present  carried  out 
in  fthe  following  manner : — Oil  or  fat  is  introduced  into  a lead- 
lined  vessel  having  a conical  bottom,  and  provided  with  a steam- 
heating coil  and  a perforated  coil  for  supplying  compressed  air. 
With  the  aid  of  the  air  current  an  emulsion  is  produced,  whilst  about 
40  per  cent  water,  5 to  8 per  cent  of  the  “ferment,”  and  0‘2  per  cent 
of  manganese  sulphate  is  introduced.  After  intermixture  has  been 
effected,  the  mass  is  allowed  to  stand  for  one  or  two  or  more  days, 
according  to  the  required  amount  of  hydrolysis.  During  the  first 
hours  the  mixture  must  be  observed  carefully,  as  separation  of 
the  emulsified  mass  may  occur.  By  stirring  afresh,  the  emulsified 
state  can  be  re-established,  when  the  ferment  begins  to  exert  its 
action.  When  the  desired  degree  of  hydrolysis  is  reached  the  mass  is 
warmed  to  80°  to  85°  C.,  and  0’3  to  0‘45  per  cent  (reckoned  on  the 
fatty  material)  of  a 50  per  cent  sulphuric  acid  is  introduced,  whilst 
the  mass  is  stirred  (by  air).  The  steam  is  then  turned  off,  and  the 
contents  of  the  vessel  are  allowed  to  settle.  The  mass  separates  into 
three  layers  — (1)  an  aqueous  layer  at  the  bottom,  containing 
glycerin ; (2)  a clear  layer  of  fatty  matter  on  the  top ; and  (3) 
between  these  two  a middle  layer  consisting  of  an  emulsion  of  albu- 
minoids, glycerin,  fatty  matter,  and  water.  This  middle  layer  is 
allowed  to  accumulate,  and  by  warming  and  renewed  treatment  with 
water  a further  separation  into  three  layers  can  be  effected,  so  that 

1 Hoyer  prepared  the  ferment  in  the  form  of  a powder  by  extracting  the  adhering 
oil  and  removing  the  water  by  drying.  Its  lipolytic  power  was,  however,  thereby 
so  seriously  reduced  as  compared  with  that  of  the  “ferment,”  that  its  commercial  appli- 
cation could  not  be  considered. 

2 Vereinigte  chern.  Werke , first  addition  No.  5562  to  French  patent  328,101  ; German 
patent  188,429  ; English  patent  25,680,  1905. 

3 Compt.  rend.  136,  767.  4 

5 French  patent  346,415. 


Urbain,  French  patent  350,179. 
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the  loss  incurred  by  the  formation  of  this  middle  layer  may  be 
reduced  to  the  smallest  possible  amount.  If  the  mass  has  been 
allowed  to  rest  in  the  emulsified  state  for  twenty -four  hours,  the 
fatty  matter  contains,  as  a rule,  about  80  per  cent  of  free  fatty  acids. 
By  allowing  the  ferment  to  act  for  twenty-four  hours  longer  a further 

10  per  cent  of  neutral  fat  may  be  hydrolysed. 

It  is  very  important  to  maintain  for  each  individual  oil  or  fat  that 
temperature  which  is  most  suitable  for  it.  It  is  not  advisable  to  allow 
the  temperature  to  fall  below  20°  C.,  and  it  is  best  to  work  at  2°  or  3°  C. 
above  the  melting  point  of  a fat.  As  the  cytoplasma  is  readily 
destroyed  when  heated  to  42°  C.  in  contact  with  water,  it  is  obvious 
that  tallow  is  not  a suitable  material  to  be  hydrolysed  by  this 
process,  and  it  is  difficult  to  obtain  a product  containing  75  per 
cent  of  free  fatty  acids  from  a low  melting  tallow,  whilst  high  melt- 
ing tallows  are  not  workable  on  a large  scale.  The  hydrolysis  of 
tallow  can,  however,  be  effected  if  it  be  mixed  with  suitable  oils  or 
fats,  so  as  to  reduce  the  melting  point  of  the  mixture  to  below  35°  C. 

The  ferment  must  be  used  in  as  fresh  a state  as  possible.  The 
author  observed  that  after  a few  days’  standing  the  lipolytic  power 
becomes  greatly  reduced.  This  would  be  readily  explained  by  the 
fact  observed  by  Hoyer,  that  the  “ ferment  ” is  much  more  easily 
affected  (injuriously)  by  acids  than  is  the  original  castor  seed  pulp. 

The  fatty  acids  obtained  by  this  process  are  much  lighter  in 
colour  than  those  from  the  autoclave  process.  With  regard  to  the 
soaps  from  these  fatty  acids  and  the  glycerin  obtained  by  this  process, 
see  below. 

In  commerce  there  are  now  obtainable  linseed  oil-,  cotton  seed  oil-, 
maize  oil-,  cocoa  nut  oil-,  palm  kernel  oil-,  and  other  “ fatty  acids  ” 
which  are  prepared  by  any  one  or  more  of  the  foregoing  three  pro- 
cesses. 

Nearly  related  to  these  products  are  cocoa  nut  oil  or  palm  kernel 

011  “fatty  acids,”  or  mixtures  thereof,  obtained  as  by-products  in  the 
“vegetable  butter”  industry  (p.  38). 

In  the  commercial  examination  of  the  fatty  matter  obtained  by 
the  three  preceding  processes,  the  amount  of  free  fatty  acids,  neutral 
fat,  and  of  unsaponifiable  matter  is  determined  in  the  first  instance 
(see  Yol.  I.  Chap.  XI.).  For  the  proper  valuation  for  soap-making 
purposes,  the  amount  of  unsaponifiable  matter  and  the  colour  and 
odour  of  the  sample  must  be  taken  into  account. 

3.  Derivatives  of  Fatty  Acids 

Hydroxylated  Fatty  Acids. — The  manufacture  of  hydroxy  fatty 
acids  from  oleic  acid  has  been  described  already  (Vol.  I.  Chap.  VIII.). 
G.  Imbert 1 patents  the  preparation  of  hydroxylated  fatty  acids  by 

1 English  patent  17,154,  1906  ; French  patents  368,543,  390,497  (cp.  also  p.  91)  ; 
United  States  patent  901,905  ; German  patent  206,305. 
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heating  chlorinated  fatty  acids  under  pressure  with  alkalis,  alkaline 
carbonates,  and  alkaline  earths. 

Iodised , Brominated,  and  Sulphurised  Fatty  Acids. — The  glycerides 
corresponding  to  iodised,  brominated,  and  sulphurised  fatty  acids  and 
their  esters  have  been  described  already  (p.  93),  and  incidentally 
the  methyl-  and  ethyl-esters  of  sulphurised  fatty  acids  have  been 
mentioned.  It  need  therefore  only  be  added  that  the  halogenised 
fatty  acids  themselves  and  their  calcium,  magnesium,  etc.,  salts  are 
recommended  for  therapeutical  use.  For  the  methods  of  manu- 
facturing these  products  the  patent  specifications  given  in  the  foot- 
note 1 must  be  consulted. 

Amides  of  Fatty  Acids. — These  products  are  manufactured  by 
heating  the  ammonia  salts  of  fatty  acids  under  pressure.  Another 
process  of  manufacturing  them  is  patented  by  Chemische  Werke 
Hansaf  and  consists  in  treating  fatty  acids  with  gaseous  ammonia 
under  pressure.  The  water  formed  in  the  process  is  drawn  off, 
together  with  the  excess  of  ammonia,  and  is  separated  in  a drying 
apparatus,  so  that  only  dry  ammonia  enters  the  autoclave,  and  no  gas 
is  lost  in  the  process. 

The  application  of  amido-acids  as  emulsifiers  has  been  mentioned 
already  (see  p.  91).  Muller  -Jacobs*  recommends  stearamide, 
C17H35CONH2,  in  conjunction  with  alum,  for  sizing  papers.  He 
states  that  on  passing  the  paper  through  the  calenders  the  melted 
stearamide  imparts  a glaze  and  “ feel  ” to  the  paper,  whilst  at  the 
same  time  waterproofing  it.  Experiments  made  with  stearanilide 
(see  below),  “ stearine,”  stearic  anhydride,  and  stearone  do  not  pro- 
duce equally  good  effects. 

Stearanilide,  as  also  stearo-derivatives  of  other  aromatic  amides, 
are  stated  to  possess  emulsifying  properties,  and  are  therefore 
recommended  for  the  preparation  of  salves,  etc.  (see  above,  p.  91). 
Liebreich  prepared  these  products 4 by  heating  fatty  acids  with  an 
equivalent  or  excess  of  aniline,  naphthylamine,  aromatic  diamides,  or 
their  alkylates  to  about  200°  C.  for  twelve  to  twenty  hours.  The  lower 
the  temperature  the  longer  was  the  time  required  for  the  reaction. 
The  latter  is  represented  by  the  following  equation  : — 

R . COOH . + C]0H7 . NH2  = R . CO . NH . C10H7  + H20 

Naphthylamine. 

(Instead  of  the  fatty  acids  the  original  fats  themselves  may  be  used ; 
cp.  Yol.  I.  Chap.  I.) 

The  employment  of  stearanilide  in  the  colour  industry  has  been 
patented  by  Sulzburger.5  The  manufacture  of  the  santalol  ester  of 
stearic  acid  has  been  protected  by  E.  v.  Heydenf  and  that  of  the 
bornyl  ester  by  the  Clayton  Aniline  Company. 

1 English  patents  14,323,  1906  ; 2484, 1907  ; French  patent  326,370  ; German  patents 
180,087  (Bayer  and  Company),  202,790  (J.  D.  Riedel). 

2 French  patent  375,921  ; cp.  also  L.  Otteman,  English  patent  6731,  1907. 

3 Zeit.f.  ang.  Chem.  1905,  1141  ; cp.  also  Spiess,  Papier- Zeit.  1908,  1487. 

4 English  patent  12,957,  1902  ; French  patent  322,026  ; German  patents  136,274, 

136,917.  5 German  patent  188,909.  6 German  patent  182,627. 
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Salts  of  Fatty  Acids 

Ammonia  Salts. — The  chemistry  of  the  ammonium  salts  of  fatty 
acids  has  been  described  already  (Vol.  I.  Chap.  L).  These  salts  are 
chiefly  used  in  practice  for  scouring  raw  wool.  A technical  application 
of  ammonium  soaps,  based  on  the  fact  that  these  soaps  have  higher 
melting  points  than  the  fatty  acids  themselves,  has  been  claimed  by 
C.  F.  Bohringer  and  Sohne.1  The  following  table  gives  the  data  from 
which  the  patentees  derive  the  conclusion  that  these  products  can  be 
used  as  a substitute  for  “ stearine  ” in  the  candle  industry,  and  for 
the  manufacture  of  “ solidified  alcohol  ” : — 


Melting  Points  of  Ammonia  Salts  of  Fatty  Acids 


Fatty  Acid. 

Ammonium  Salt 
containing  Ammonia. 

Melting  Point. 
°C. 

Per  cent. 

Oleic  acid  of  melting  point,  14-20°  C.  . 

2-85 

56 

jj  >>  jj.  >)  14-20  ,,  . 

3 '88 

60 

??  _ ?j  ),  14-20  ,,  . 

Elaidic  acid  of  ,.  ,,  33  . ,,  . 

4 '20 

about  75 

3'20 

70 

Stearic  acid  of  ,,  ,,  65  . ,,  . 

3 '30 

87 

Erucic  acid  of  .,  ,,  32  . ,,  . 

3 '60 

52 

Sodium  and  Potassium  Salts.  — These  salts  represent  the  com- 
mercial “ hard  ” and  “ soft  ” soaps  respectively.  They  will  be  fully 
dealt  with  in  the  following  section,  “ Soap  Manufacture.” 

Metal  Salts. — These  salts  will  be  treated  of  under  “ Salts  of  the 
Alkaline  Earths  and  Heavy  Metals.” 


III.  SOAP  MANUFACTURE2 

As  explained  in  Vol.  I.  Chapter  III.,  it  is  most  convenient  to  sub- 
divide the  soaps  into  two  large  classes,  viz.  1.  Salts  of  the  alkali 
METALS  ; WATER-SOLUBLE  SOAPS.  2.  SALTS  OF  THE  ALKALINE  EARTHS 
AND  HEAVY  METALS  ; WATER-INSOLUBLE  SOAPS  ; METALLIC  SOAPS. 

Ammonia  soaps,3  which  hitherto  have  not  gained  great  commercial 
importance  (see  above),  would  be  classed  with  the  water-soluble  soaps. 

In  technical  parlance,  the  term  “ soap  ” applies  almost  exclusively 
to  the  first  class,  and  is  extended  to  that  mixture  of  alkali  salts  of 
fatty  acids  and  water  (and  other  substances)  which  is  sold  in  com- 
merce under  the  name  “ soap.” 

(1)  SALTS  OF  THE  ALKALI  METALS  ; WATER-SOLUBLE  SOAPS 

According  as  to  whether  the  base  used  for  the  saturation  of  the 
fatty  acids  be  soda  or  potash  we  differentiate  between  hard  soaps 

1 French  patent  383,531  ; English  patent  23,796,  1907  ; German  patent  204,708. 

2 Cp.  Lewkowitsch,  “Modern  Views  on  the  Constitution  of  Soap,”  Journ.  Soc.  Chem. 
hid.  1907,  590  ; F.  M.  F.  Felclhaus,  Chem.  Zeit.  1908,  837. 

3 Cp.  German  patents  43,340,  72,921. 
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(soda  soaps)  and  soft  soaps  (potash  soaps).  The  former  may  con- 
tain small  quantities  of  potash  soaps  (as  is  the  case  in  high-class 
shaving  and  other  soaps),  whilst  the  latter  may  also  contain  some 
proportion  of  soda  (as  is  the  case  in  soft  soaps  made  in  summer), 
but  it  is  convenient  to  found  the  classification  on  the  quantity  of  the 
preponderant  base,  as,  indeed,  is  done  in  practice. 

The  fatty  raw  material  for  commercial  soaps  may  be  furnished 
by  any  oil  or  fat  of  vegetable  or  animal  origin.  In  fact,  all  the 
glyceridic  materials  enumerated  in  Yol.  II.  Chapter  XIY.  may  be  used 
for  soap-making,  as  also  those  materials  which  are  obtained  from  waste 
fats  (see  Yol.  III.  Chap.  XYI.),  provided  they  do  not  contain  excessive 
amounts  of  unsaponifiable  matter.  Thus  an  enormous  variety  of 
soaps  can  be  produced,  and,  indeed,  is  produced  on  a large  scale. 
But  not  every  oil  and  fat  yields  a soap  fulfilling  the  demands  made 
on  it  for  household,  toilet,  and  manufacturers’  purposes. 

Broadly  speaking,  it  may  be  stated  that  the  vegetable  drying  oils 
and  marine  animal  oils  are,  on  account  of  their  consistence,  best 
suited  for  the  manufacture  of  soft  soaps.  Also  some  of  the  semi- 
drying oils  (maize  oil,  rape  oil)  lend  themselves  especially  for  this 
purpose.  Solid  fats  are  used  preponderantly  for  making  hard  soaps ; 
in  this  category  fall  also  the  non-drying  oils.  Semi-drying  oils,  as 
typified  by  cotton  seed  oil,  may  be  used  as  stock  material  in  admix- 
ture with  other  suitable  material  for  both  soft  and  hard  soaps. 

The  art  of  the  soap-maker  consists  in  blending  the  raw  material 
at  his  disposal  in  such  a manner  as  to  produce  that  soap  which  is 
most  suitable  for  a given  purpose.  Hence  it  is  essential  that  the 
soap-maker  study  the  properties  and  the  behaviour  of  each  kind  of 
soap,  so  as  to  derive  therefrom  rules  to  guide  him  in  the  proper 
blending  of  the  raw  materials.  In  every  properly  equipped  soap- 
works  this  is  done  by  making  soap  from  individual  oils  and  fats  and 
from  mixtures  thereof  in  an  experimental  soap- pan  of  sufficiently 
large  size  to  yield  half  a ton  or  a ton  of  finished  marketable  soap. 
A detailed  survey  of  this  subject,  beyond  the  incidental  notes  given 
in  the  following  section,  lies  outside  the  scope  of  this  work.1 

Rosin  is  largely  used  in  conjunction  with  fatty  material  in  the 
manufacture  of  both  hard  and  soft  soaps.  Although  it  has  not  the 
same  valuable  properties  in  every  respect  which  the  fatty  acids 
possess,  and  cannot  therefore  be  used  in  the  production  of  best  toilet 
and  shaving  soaps,  it  must  be  considered  a legitimate  substitute  for 
fatty  matter,  inasmuch  as  the  alkali  salts  of  rosin  acids  exhibit 
valuable  detergent  properties. 

The  fatty  (and  resinous)  raw  material  is,  as  a rule,  supplied 
to  the  soap-maker  in  a sufficient  state  of  purity  to  be  worked  up 
immediately.  In  some  cases,  however,  it  is  necessary  to  interpose 
a preliminary  purification  by  sedimentation,  or  even  a process  of 
bleaching  (cp.  Yol.  II.  Chap.  XIII.),  or  boiling  up  with  dilute  acid 

1 Useful  details  will  be  found  in  the  second  part  of  Meriden’s  work,  Etudes  sur  la 
constitution  des  savons  du  commerce  dans  ses  rapports  avec  la  fabrication,  Marseille, 
1906. 
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(cp.  “ Bone  Fat  ”),  etc.  The  methods  applied  to  each  individual  case 
have  been  detailed  fully  in  Yol.  II.  Chap.  XI Y. 

In  those  soap-works  which  start  with  very  impure  raw  material 
from  waste  fats  (Chap.  XVI.)  a purification  by  means  of  distillation 
(cp.  p.  179)  is  necessary;  but  the  distillation  of  fatty  material  in 
soap-works  is  only  rarely  resorted  to,  for  obvious  reasons. 


1.  HARD  SOAPS— SODA  SOAPS 

The  earliest  processes  of  manufacturing  hard  soap  (described  by 
Pliny)  consisted  in  boiling  oils  and  fats  with  causticised  wood  ashes, 
the  potassium  carbonate  contained  therein  being  converted  into 
caustic  potash  by  boiling  with  lime.1  The  potash  soaps  so  obtained 
were  converted  into  soda  soaps  by  treating  the  soap  paste  repeatedly 
with  common  salt.  The  theory  underlying  this  manufacturing  process 
has  been  fully  explained  in  Vol.  I.  Chapter  III.  This  process  has  not 
yet  completely  died  out,  and  is  still  used  on  a small  scale  in  those 
localities  where  a cheap  and  plentiful  supply  of  wood  ashes  is  obtain- 
able. The  manufacture  of  soap  in  those  localities  is  still  passing 
through  the  stage  of  evolution  from  a house  industry  to  a manufac- 
turing process. 

Later  on  the  wood  ashes  were  replaced  by  “ soda  ashes  ” obtained 
by  burning  seaweeds  (“  barilla,”  “ kelp  ”).  The  manufacture  of  sodium 
carbonate  by  the  Leblanc-  and  the  ammonia-processes  almost  com- 
pletely extinguished  the  use  of  barilla  and  kelp,  and  the  soap-maker 
was  thereby  enabled  to  obtain  manufactured  soda  (soda  ash,  sodium 
carbonate),  which  he  causticised  himself  in  the  same  manner  as  that 
employed  for  wood  ashes.  Thus  the  caustic  soda  required  for  the 
saponification  of  oils  and  fats  was  actually  manufactured  in  the 
soap-works,  and  is  to  a very  large  extent  still  being  produced  by  the 
soap  manufacturer. 

The  development  of  modern  chemical  industry  led  to  the  pro- 
duction of  solid  caustic  soda  in  alkali  works,  so  that  the  soap- 
maker  has  at  present  the  choice  of  either  buying  caustic  soda  in 
the  solid  form  or  himself  manufacturing  caustic  soda  solution 
(“  caustic  lyes  ”)  from  soda  ash,  by  causticising  sodium  carbonate,  and 
subsequently  concentrating  the  dilute  caustic  soda  solution  in  vacuum 
evaporators  of  simple  or  multiple  type,  such  as  are  shown  in  figures 
Nos.  25-28  (see  below). 

The  following  two  processes  for  the  production  of  hard  soaps 
from  oils  and  fats  on  a manufacturing  scale  were  in  use  hitherto  : — 
(A)  soap-making  by  the  cold  process,  and  (B)  soap-making  by  the 
hot  process.  Recently  a third  process  has  been  introduced  on  a 
limited  scale,  viz.  (C)  soap-making  by  double  decomposition  of  lime 
soaps  and  sodium  carbonate. 

Under  the  head  of  “ hot  process  ” falls  also  the  method  of  making 

1 Cp.  William  C.  Alpers,  “History  and  Uses  of  Soap  in  Pharmacy  and  Medicine,” 
Journ.  Soc.  Chem.  Ind.  1907,  597. 
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soap  from  fatty  acids  or  soap  stock  fatty  acids.  Rosin  may  be 
likened  in  this  respect  to  soap  stock  fatty  acids,  as  the  bulk  of  it  can 
be  converted  into  rosin  soap  by  boiling  with  sodium  carbonate,  the 
remainder  only  requiring  caustic  soda  to  complete  the  conversion  of 
the  rosin  into  soap.  For  soaps  made  exclusively  from  rosin  compare 
below. 


(A)  Soap-making  by  the  Cold  Process 

The  oils  and  fats  most  suitable  for  the  manufacture  of  soaps  by 
the  cold  process  are  those  belonging  to  the  cocoa  nut  oil  group 
(Vol.  II.  Chap.  XIV.),  as  they  possess  the  property  of  being  con- 
verted into  soaps  on  being  stirred  together  with  concentrated  caustic 
soda  solutions  of  approximately  the  specific  gravity  1‘35.  The 
plant  required  for  this  manufacture  is  of  the  simplest  construction, 
and  merely  consists  of  an  iron  or  wooden  frame  into  which  the  fat, 
previously  brought  to  a temperature  of  about  35°  C.,  is  placed  ; the  fat 
is  then  stirred,  whilst  an  accurately  measured  quantity  of  caustic  soda 
of  specific  gravity  1*35  is  run  in.  The  frame  is  then  covered  and 
allowed  to  stand,  when  the  mass  develops  some  heat,  sufficient  to 
complete  the  process  of  saponification  within  twenty-four  hours. 

The  simplicity  of  this  process  naturally  led  to  the  market  being 
flooded  with  “ cold  ” soaps  prepared  by  unskilled  operators,  so  that 
these  soaps  contained  a considerable  excess  of  caustic  soda,  or  un- 
saponified fat  side  by  side  with  free  caustic  soda.  The  prejudice 
which  has  arisen  against  this  class  of  soap  is,  however,  unfounded,  as 
it  is  not  difficult,  by  careful  working,  to  prepare  practically  neutral 
soaps.  For  this  purpose  the  quantity  of  caustic  soda  required  for 
saponification  must  be  calculated  from  the  saponification  value  of  the 
fatty  material.  The  fifth  column  of  the  table,  p.  253,  will  furnish 
useful  guidance. 

These  soaps  are  not  readily  “ salted  out  ” by  brine ; hence  they 
can  be  used  for  washing  with  sea-water  ( marine  soaps). 

The  readiness  with  which  the  oils  of  the  cocoa  nut  oil  group  undergo 
saponification  in  the  cold  enables  the  soap-maker  to  induce  the  saponi- 
fication in  the  cold  of  those  oils  and  fats  which  are  not  easily  saponified 
by  strong  caustic  alkalis.  This  is  effected  by  incorporating  with 
cocoa  nut  oil  certain  proportions  of  olive  oil,  lard,  tallow,  etc.  The 
greater  the  proportion  of  less  readily  saponifiable  (by  strong  alkalis) 
oils  and  fats,  the  higher  must  be  the  initial  temperature  at  which  the 
oils  and  fats  are  intermixed  with  the  strong  caustic  soda  lye. 

Soaps  so  prepared  naturally  contain  the  whole  amount  of  glycerol 
that  results  from  the  saponification. 

Since  100  parts  of  neutral  glycerides  yield  practically  150  parts 
of  finished  soda  soap,  it  is  possible  to  calculate  the  theoretical 
composition  of  a soap  made  by  the  “ cold  process.”  Thus  a soap 
made  from  a cocoa  nut  oil  having  the  saponification  value  240,  and 
the  mean  molecular  weight  of  the  mixed  fatty  acids  200,  will  have 
the  following  composition  : — 
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Per  cent. 
54*50 
8-86 

36-64 
100-00 

Cold  soap  cannot  be  conveniently  made  on  a practical  scale  from 
fatty  acids  or  soap  stock  fatty  acids,  as  in  consequence  of  the  immediate 
combination  of  fatty  acid  with  caustic  soda,  lumps  are  formed  which 
occlude  the  uncombined  materials.  For  this  reason,  fats  containing 
notable  amounts  of  free  fatty  acids  are  unsuitable  for  the  manufacture 
of  cold  soaps. 

The  facility  with  which  these  soaps  can  be  made  on  the  smallest 
scale  has  brought  in  its  train  the  manufacture  of  “ cold  ” soap, 
adulterated  by  the  incorporation  of  strong  solutions  of  sodium  silicate 
with  the  mass  whilst  still  warm.  Such  soaps  frequently  contain  both 
free  caustic  soda  and  unsaponified  fat. 

Castor  oil  simulates  the  fats  belonging  to  the  cocoa  nut  oil  group 
by  being  able  to  form  “ cold  ” soaps.  The  further  property  of  castor 
oil  of  imparting  translucency  to  soap  has  also  been  made  use  of  in  the 
manufacture  of  inferior  cold  soaps,  and  complete  transparency  is 
obtained  by  the  addition  of  sugar  solutions,  together  with  sodium 
silicate  solution.  On  the  Continent  large  quantities  of  cheap  trans- 
parent soaps  of  this  kind  are  made.  They  must  not  be  confounded 
with  the  high-class  transparent  soaps  described  below. 

The  quantities  of  soap  made  by  this  process  are  comparatively 
small ; the  bulk  of  the  commercial  soaps  is  made  by  the  “ hot 
process.” 


Fatty  anhydrides  ...... 

Combined  sodium  oxide,  Na20  ..... 

Glycerol,  water,  and  small  quantities  of  inorganic  salts  (by 
difference)  ....... 


(B)  Soap-making  by  the  Hot  Process 

In  soap-making  by  hot  processes,  either  natural  oils  and  fats  or 
the  fatty  acids  derived  therefrom  are  used. 

a.  Soap-making*  from  Natural  Oils  and  Fats  with  Caustic  Soda 

The  process  of  soap-making  by  boiling  glycerides  with  caustic 
soda  solutions  is  used  on  the  most  extensive  scale,  and  is  practically 
the  only  process  which  yields  soaps  of  uniformly  good  quality,  colour, 
and  hardness,  and  at  the  same  time  the  largest  amount  of  glycerin 
obtainable  from  the  raw  material  by  means  of  comparatively  simple 
operations. 

In  this  process  the  oils  and  fats  are  introduced  into  a cylindrical  or 
square  iron  vessel — soap  kettle,  soap  “copper,”  soap  pan — and  churned 
up  by  means  of  steam,  when  a dilute  caustic  soda  solution  is  run  in, 
which  assists  the  emulsifying  of  the  fat  and  induces  rapid  hydrolysis. 
The  theory  of  the  process  has  been  described  in  Yol.  I.  Chap.  II.,  and 
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it  need  only  be  pointed  out  that  it  is  necessary  to  commence  with  a 
dilute  solution  of  caustic  soda,  as  the  employment  of  a strong  solu- 
tion in  the  case  of  most  oils  and  fats — with  the  exception  of  the  oils 
belonging  to  the  cocoa  nut  oil  group,  and  of  castor  oil — “ cuts  ” the 
soap-paste  much  as  does  salt  solution.  It  has  been  shown  (Vol.  I. 
Chap.  II.)  that  an  excess  of  caustic  soda  is  required  to  obtain  com- 
plete saponification.  The  mass  in  the  soap-pan  at  this  stage  consists 
of  a mixture  of  soda  salts  of  the  fatty  acids  with  water,  in  which  the 
glycerol  formed  in  the  course  of  hydrolysis,  and  the  excess  of  caustic 
soda  are  dissolved.  In  order  to  convert  the  soap-paste  into  com- 
mercial soap,  it  is  necessary  to  separate  the  soda  salts  of  the  fatty 
acids  from  the  excess  of  caustic  soda  and  of  water  by  adding  salt, 
whereby  the  soda  soaps  are  thrown  up.  On  allowing  to  stand,  two 
layers  are  obtained:  (1)  a lower  aqueous  layer,  containing  salt, 
glycerol,  and  excess  of  caustic  soda ; (2)  an  upper  curdy  mass  of 
soap  granules,  retaining  about  30-35  per  cent  of  water.  The  lower 
layer  is  drawn  off,  and  worked  up  for  the  recovery  of  the  glycerol 
contained  in  it  (see  “ Glycerin  Manufacture  ”). 

The  curdy  soap  granules  left  in  the  pan  are  boiled  up  with  water 
(“  closed  ”),  so  as  to  form  a homogeneous  paste,  which  is  again  boiled 
with  a little  caustic  soda  to  ensure  complete  saponification,  and 
again  separated  into  two  layers  in  the  manner  described  above. 

The  soap  is  once  more  treated  in  the  same  manner,  to  remove 
impurities  which  impair  its  colour ; in  some  cases  it  is  boiled  with  a 
somewhat  concentrated  solution  of  caustic  soda  (“strengthening 
change”)  and  “salted  out”  again  to  a “curd.”  Finally  the  “curd” 
is  “fitted,”  i.e.  brought  into  the  condition  of  finished  soap. 

The  art  of  the  soap-maker  consists  in  so  “fitting”  the  soap  that 
it  contains  just  the  proper  amount  of  water  (which  may  be  called  the 
“ water  of  constitution,”  see  below)  and  is  still  “ open  ” enough  to 
allow  the  intermingled  heavier  aqueous  solution,  as  also  the  impurities 
(which  consist  to  a notable  extent  of  iron  salts  of  fatty  acids)  to  settle 
out.  After  the  mass  has  been  allowed  to  rest  for  a few  days, 
there  is  found  at  the  bottom  of  the  soap-pan  a small  amount  of 
alkaline  solution  (which  has  separated  out  on  cooling ; see  below) 
above  which  rests  a layer  of  dark  soap,  intermixed  with  salt  solution, 
containing  the  excess  of  caustic  soda  used.  The  dark  colour  is 
chiefly  due  to  metallic  soaps.  This  layer  is  termed  in  practice  “ nigre  ” 
(i.e.  black,  a term  taken  over  from  the  Marseilles  soap-makers *).  Above 
this  rests  the  bulk  of  the  finished  soap,  “ neat  soap.”  It  is  covered 
on  the  top  by  a thin  layer  of  solidified  soap  of  a spongy  nature, 
owing  to  the  occlusion  of  the  air,  which  on  rising  gradually  to  the 
top  of  the  mass  during  settling  became  entangled  there  on  cooling. 

The  excess  of  caustic  alkali  in  the  “neat”  soap  should  be  very 
small ; its  amount  depends  on  the  care  used  in  the  manufacturing 
operations. 

Up  till  recently  soap-making  was  considered  an  art,  the  details  of 
which  were  supposed  to  depend  on  valuable  secrets  in  the  exclusive 
1 In  Marseilles  the  “nigre”  from  genuine  “settled”  soaps  is  now  termed  “le  gras.” 
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possession  of  the  practical  soap-boiler.  Hence  the  “ fitting  ” was  left 
to  him,  and  the  amount  of  caustic  soda  used  in  the  process  depended 
entirely  on  his  judgment.  It  must,  however,  be  acknowledged  that 
through  constant  practice,  and  in  consequence  of  the  stringent 
demands  of  the  public  as  regards  quality  of  soap,  the  soap-boiler 
brought  soap-making  to  a considerable  degree  of  perfection,  so  that 
the  production  of  practically  neutral  soaps  has  now  become  very 
general. 

From  the  explanations  given  in  Yol.  I.  Chap.  III.  (“Hydrolysis  of 
Soap  ”)  practical  rules  can  be  readily  derived  as  to  how  the  several 
stages  of  soap-boiling  should  be  conducted.  It  is  essential  to  effect 
saponification  with  the  least  excess  of  caustic  soda.  With  this  object 
in  view  it  is  necessary  to  work  with  caustic  lyes  of  known  strength. 
Tables  containing  the  percentages  of  caustic  soda,  derived  from  the 
specific  gravities  of  solutions  prepared  from  pure  caustic  soda,  are 
given  in  Tables  67  and  68  of  my  Laboratory  Companion , page  109. 
The  following  two  tables  will  be  found  useful  in  regulating  and 
controlling  the  consumption  of  caustic  soda  in  soap-works. 


Caustic  Soda  Solutions  required  to  saponify  Fats  of  Mean  Molecular 
JVeight  670  ( Cocoa  Nut  Oil , Palm  Kernel  Oil)  [. Lewkowitsch ] 


Weight 
of  Fat 
in  Tons. 

Gallons  of  Solution  of  Caustic  Soda. 

20°  Twaddell  = 

40°  Twaddell = 

60°  Twaddell  = 

71°  Twaddell  = 

S.  G.  1-1. 

S.  G.  1-2. 

S.  G.  1-3. 

S.  G.  1*355. 

’05 

21-01 

9-46 

5*72 

4-59 

*1 

42*02 

18-92 

11-43 

9-18 

•15 

63*03 

28-38 

17*15 

1376 

•2 

84*04 

37-84 

22-86 

18-35 

•25 

105-05 

47'30 

28-58 

22-94 

*3 

126-06 

5676 

34-29 

27*53 

•35 

147-07 

66-22 

40-01 

32-11 

•4 

168-07 

75-68 

45-72 

36-70 

•45 

189-08 

85-14 

51-44 

41-29 

•5 

210-09 

94-60 

57*15 

45-88 

*55 

231-10 

104-06 

62-87 

50-46 

•6 

252-11 

113*52 

68-58 

55-05 

’65 

273-12 

122-98 

74-30 

59'64 

•7 

294-13 

132-44 

80-01 

64*23 

*75 

315*14 

141-91 

8573 

68-81 

•8 

336-15 

151*37 

91-44 

73-40 

•85 

357-16 

160-83 

97*16 

77-99 

•9 

378-17 

170-29 

102-87 

82-58 

•95 

399-18 

179-75 

108*59 

87-16 

1-0 

420*19 

189-21 

114-30 

91-75 

2*0 

840*37 

378-41 

228-60 

183-50 

3-0 

1260-56 

567*62 

342-90 

275-26 

4-0 

1680-74 

756-83 

457*20 

367-01 

5-0 

2100-93 

946-04 

571-50 

458-76 

6-0 

2521-12 

1135-24 

685-80 

550*51 

7-0 

2941-30 

1324-45 

800-10 

642-26 

8-0 

3361-49 

1513-66 

914-40 

734-02 

9*0 

3781-67 

1702-86 

1028-70 

825*77 

10-0 

4201-86 

1892*07 

1143-00 

917-52 
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Caustic  Soda  Solutions  required  to  saponify  Fats  of  Mean  Molecular  Weight 
860  ( Tallow , Cotton  Seed  Oil , Olive  Oil , etc.)  [ Lewkowitsch ] 


Weight 

Gallons  of  Solution  of  Caustic  Soda. 

of  Fat 
in  Tons. 

20°  Twaddell  = 

40°  Twaddell  = 

60°  Twaddell  = 

71°  Twaddell  = 

S.  G.  1-1. 

S.  G.  1*2. 

S.  G.  1-3. 

S.  G.  1*355. 

•05 

16-37 

7*37 

4*45 

3-57 

•1 

3274 

14-74 

8-90 

7*15 

"15 

49-10 

22-11 

13-36 

10-72 

*2 

65*47 

29-48 

17-81 

14-30 

•25 

81-84 

36  "85 

22-26 

17-87 

•3 

98-21 

44-22 

26-71 

21-44 

•35 

114-57 

51*59 

31-17 

25-02 

*4 

130-94 

58-96 

35-62 

28-59 

•45 

147-31 

66-33 

40-07 

32-17 

•5 

163*68 

73-70 

44-52 

35*74 

•55 

180-04 

81-07 

48-98 

39-31 

•6 

196-41 

88-44 

53-43 

42-89 

•65 

212-78 

95-81 

57  "88 

46*46 

*7 

229-15 

103-18 

62-33 

50-04 

*75 

245-52 

110*55 

66*79 

53-61 

•8 

261-88 

117-92 

71-24 

57*18 

•85 

278-25 

125-29 

75-69 

60-76 

•9 

294-62 

132-66 

80-14 

64-33 

*95 

310-99 

140-03 

84-60 

67-91 

1-0 

327-35 

147-41 

89-05 

71-48 

2-0 

654'71 

294*81 

178-10 

142-96 

3-0 

982-06 

442-22 

267*14 

214-44 

4-0 

1309-42 

589-62 

356-19 

285-92 

5-0 

1636-77 

737-03 

445-24 

357-41 

6-0 

1964-12 

884*43 

534-29 

428-89 

7-0 

2291-48 

1031-84 

623-34 

500-37 

8*0 

2618-83 

1179-24 

712-38 

571  "85 

9-0 

2946-19 

1326  -65 

801-43 

643-33 

io-o 

3273-54 

1474-05 

1 

890-48 

714-81 

The  finished  “ neat  ” soap,  whilst  still  warm,  is  run  into  soap 
crutching  (mixing)  machines  (holding  from  12  to  15  cwts.  of  soap), 
wherein  perfumes  and  colouring  matters  are  incorporated  with  the 
soap  (if  desired),  and  thence  into  soap  frames,  in  which  the  warm 
mass  is  allowed  to  cool.  In  the  south  of  Europe  the  finished  soap  is 
run  on  to  a cemented  floor  divided  off  by  boards  into  suitable  com- 
partments, about  12  to  14  ins.  high  (French,  mises).  For  the  best 
class  of  household  soaps  the  cemented  floor  is  covered  with  paper. 

The  soap  in  the  frames  (or  mises)  requires  a few  days  to 
solidify.  The  sides  of  the  soap-frames  are  then  removed,  and  thus 
a rectangular  soap  block  is  left.  This  block  is  cut  at  first  into  slabs 
of  the  required  thickness,  either  by  hand  or  in  a slabbing  machine 
shown  in  Fig.  21. 

These  slabs  are  placed  in  a barring  and  tabletting  machine, 
such  as  is  shown  in  Fig.  22. 
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machit.SlaBv  turret  the  °'*  the  ri«ht-hand  of  the 

y turning  the  handle  they  are  pushed  through  a number 


Fig.  21. 


Fig.  22. 
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hand  side  of  Fig.  22,  the  bars  are  pushed  against  the  wires  shown  at 
the  end,  and  thus  finally  cut  to  the  desired  size  and  weight  of  the 
familiar  soap  cake. 

The  stamping  of  the  soap  cakes  is  a mere  mechanical  process.  For 
a description  of  the  machines  the  reader  may  be  referred  to  the  cata- 
logues issued  by  the  makers,  and  it  need  only  be  pointed  out  that 
the  stamping  operations  are  now  done  automatically  to  a very 
great  extent. 

The  process  of  solidification  of  the  soap  is  a somewhat  lengthy 
one.  Attempts  have  therefore  not  been  wanting  to  shorten  the  time 


Fig.  23. 


required  from  the  finishing  operation  in  the  soap -pan  up  to  the 
conversion  of  the  solidified  soap  into  the  marketable  bar  or  cake. 

The  author  endeavoured  some  years  ago  to  effect  this  by  sending 
the  soap  through  a long  worm,  cooled  artificially,1  but  the  soap  so 
obtained  represented  an  unsaleable  mass,  owing  to  its  crystalline 
structure  having  been  destroyed.  Another  attempt  to  effect  rapid 
solidification  of  the  hot  soap  mass  was  made  by  moulding  the  hot 
soap  in  the  same  manner  as  candles  are  moulded.2  The  machine 
used  for  this  purpose  (Fig.  23)  is  fashioned  after  the  well-known 
candle-moulding  machines,  and  was  chiefly  intended  for  the  manu- 
facture of  toilet  soaps,  in  which  the  crystalline  structure,  formerly 

1 Lewkowitsch,  “ Problems  in  the  Fat  Industry,”  Journ.  Soc.  Chem.  Ind.  1903,  597. 

2 English  patent  No.  4581,  1893. 


XV 


SOAP  MANUFACTURE 


257 


so  much  valued  in  household  soap,  is  destroyed  (see  below).  The 
hot  soap  mass  was  run  into  the  row  of  moulds  shown  in  the  figure 
after  suitable  cooling,  the  solidified  soap  was  expelled  in  the  same 
manner  as  moulded  candles  are  forced  out  of  the  moulds. 

This  machine  proved  unsuitable  for  household  soaps,  but  the  idea 
underlying  its  construction  has  been  recently  taken  up  and  patented 
by  Schnetzer.1  Another  attempt  to  shorten  the  time  required  for 
solidification  has  been  made  by  Klumpp ,2  whose  press  is  best  described 
as  being  modelled  after  a copying  press,  the  sides  of  which  are  com- 
pletely closed.  The  hot  soap  is  run  into  the  press,  and  when  this- 
is  full  the  soap  is  cooled  rapidly  and  compressed,  so  that  the  soap 
bars  are  immediately  ready  for  cutting  into  tablets.  Latterly  this 
machine  has  been  made  for  a somewhat  larger  through-put  than  the 
original  apparatus  permitted.  A combination  of  the  principles 
embodied  in  these  two  methods  may  be  said  to  be  contained  in 
Schrauth’s  patent,3  which  has  been  followed  by  a number  of  further 
patents  4 by  the  same  inventor. 

A very  large  number  of  patents5  have  been  taken  out  during 
the  last  few  years  (by  many  designers)  for  soap-cooling  machines,, 
which  embody  the  principles  just  described.  They  embrace  a variety 
of  machines  having  cooling  tubes  arranged  either  horizontally  or 
vertically,  and  working  either  with  or  without  pressure.  A further 
modification  has  been  introduced  by  adopting  apparatus  which 
entirely  simulate  filter-presses ; the  chambers  of  these  presses  are,, 
of  course,  provided  with  cooling  arrangements.  Although  a number 
of  such  machines  appear  to  have  been  installed  in  small  works,  too 
little  is  known  of  the  results  that  have  attended  their  working  to 
enable  one  to  arrive  at  a definite  conclusion  as  to  whether  the 
texture  and  quality  of  the  soap  is  the  same  as  that  obtained  by 
the  method  of  cooling  in  frames.  In  the  largest  soap-works  of  this 
country  and  of  the  United  States  these  machines  have  not  been 
adopted  hitherto.  Even  if  it  should  be  established  that  the  product 
obtained  by  rapid  cooling  is  not  inferior  (which  is  doubtful)  to  soap 

1 English  patent  No.  18,932,  1902  ; German  patents  140,505,  144,108,  145,079. 

2 German  patent  140,846.  German  patent  144,805. 

4 For  cooling  frames  provided  with  means  for  artificial  cooling  (or  even  heating  as  in 
the  case  of  mottled  soaps)  cp.  S.  Baralino  fu  Gerolamo,  German  patent  195,581  ; 
Boardman,  English  patent  24,023,  1904  ; German  patent  192,193. 

5 German  patents  160,560,  167,306,  167,412,  171,843,  172,691,  178,478,  181,497, 
182,854,  186,731  (conjointly  with  Frankenthaler  Kesselschmiede  and  M aschinenfabrik, 
Kiihnle,  Kopp,  and  Kausch),  198,112  ; K.  E.  Marlcel,  English  patent  23;187,  1904  ; 
Holubek,  English  patent  24,440,  1904  ; French  patent  347,588  ; W.  Rivoir,  English 
patent  6161,  1905  ; German  patent  170,190  ; F.  Jurgens,  English  patent  15,666,  1905  ; 
Talvande  freres  and  Douault,  French  patent  344,006  ; F.  Damn,  French  patent  345,748  ; 
German  patent  157,509  ; Roth,  French  patent  341,734  ; English  patent  3602,  1905  ; 
German  patent  172,655  ; A.  R.  Wilson,  English  patent  11.622,  1906  ; Krefelder  Seifen- 
fabrik,  Stockhausen  and  Traiser,  French  patents  357,637,  179,885,  196,945  ; G.  Klinger, 
French  patent  370,086  ; German  patent  204,166  ; Jacobi,  English  patent  6726,  1907 
(in  the  name  of  O.  Imray)  ; English  patent  18,253,  1907  ; French  patent  386,543  ; 
German  patents  194,683,  202,710  ; F.  H.  Merrill,  U.S.  patent  831,884;  J.  Gunther, 
German  patent  193,570  ; Weber  and  Seelander,  German  patents  198,865,  201,426  ; 
C.  Harzer,  Ger.  pat.  201,710.  Other  cooling  machines  were  designed  by  G.  Col,  Hauff 
(Ger.  pat.  205,473),  Leimdorfer,  Lehmann,  Krull,  and  by  Schou  (Eng.  pat.  20,916,  1907). 
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allowed  to  cool  spontaneously  in  frames,  the  high  cost  of  the  new 
apparatus  as  compared  with  that  of  the  old  system  may  militate 
against  its  adoption. 

In  this  connection  it  may  be  pointed  out  that  Cressonnibes  frbes 
constructed  some  twenty  years  ago  a continuous  drying  machine,1 
which  took  the  finished  soap,  in  the  hot  state,  from  the  soap-pan 
on  a long  travelling  band,  and  dried  it,  in  a hot  room,  so  far  that  it 
had  lost  sufficient  moisture  to  be  worked  up  into  cakes  in  the  plant 
usually  employed  for  making  best  toilet  soap  (see  below).  This 
drying  machine  was  also  recommended  for  the  manufacture  of  house- 
hold soap,  but  as  the  working  conditions  of  the  toilet  soap  plant  proper 
required  that  the  “ genuine  ” soap  must  lose  so  much  moisture  that 
the  finished  product  contained  about  75  per  cent  of  fatty  acids — 
against  63-64  per  cent  in  the  ordinary  household  soap — it  has  been 
impossible  to  introduce  this  apparatus  into  soap-works  in  place  of  the 
ordinary  cooling  frame. 

100  parts  of  neutral  glycerides  of  the  mean  molecular  weight  860 
yield  on  a practical  scale  150  parts  of  genuine  soap.  The  mean 
molecular  weight  of  the  fatty  acids  of  such  glycerides  is  275.  An 
easy  calculation  will  show  that  100  parts  of  fat  require  10 ’81  parts 
of  Na20=  13*94  parts  of  NaOH ; hence  the  finished  soap  contains 
7*21  per  cent  of  Na20  [150  : 10*81  : : 100  : «],  with  which  are  com- 
bined 61*8  per  cent  of  fatty  anhydrides  [31  : 266  : : 7*2 1 \ y\  corre- 
sponding to  63*9  per  cent  of  fatty  acids  [266  : 275  : : 61*8  :z\ 

The  percentage  composition  of  a “ genuine  soap  ” is  therefore — 


Per  cent. 

Fatty  anhydrides  . . . . . .61*80 

Combined  sodium  oxide,  Na20  . . . . .7*21 

Water  including  small  quantities  of  inorganic  salts  and 

glycerol  (by  difference)  . . . . .30*99 


100*00 

Pure  commercial  soda  soaps  made  by  the  processes  described 
contain  practically  30  per  cent  of  water  and  63  to  64  per  cent  of 
fatty  acids. 

The  commercial  soaps  were,  therefore,  looked  upon  as  a kind  of 
crystalline  compound,  containing  a definite  amount  of  water  which 
was  considered  “ water  of  crystallisation.”  Some  slender  support 
to  this  view  was  lent  by  the  fact  that  in  soaps  containing  the  above- 
named  proportion  of  fatty  acids,  a kind  of  crystallisation  (“feather”) 
was  noticeable ; this  crystallisation  was  considered  to  be  due  to  the 
harder  stearates  and  palmitates  separating  out  in  a semi-crystalline 
form  from  the  magma  of  oleate. 

In  the  course  of  a long  series  of  experiments  which  the  author 
carried  out  on  a large  scale  on  many  tons  of  varied  fatty  materials, 

1 Cp.  also  G.  L.  Baker,  English  patent  15,264,  1907. 
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with  the  object  of  producing  a commercial  soap  having  a higher 
proportion  of  fatty  acids  than  63  to  64  per  cent,  he  was  never  able 
to  obtain  a soap  of  the  desired  higher  percentage.  Hence  the 
author  adopted  the  view  that  this  proportion  of  water  might  be 
termed  “water  of  constitution,”  inasmuch  as  a commercial  soap 
having  less  water  cannot  be  made  in  the  soap-kettle. 

This  explanation  has  recently  been  attacked  by  Meriden1  whose 
fundamental  view,  based  on  the  application  of  the  laws  of  chemical 
equilibrium  and  of  the  phase  rule  to  the  present  problem,  is  as 
follows  : — Commercial  (genuine)  soap  is  not  a product  which  has  a 
definite  composition,  but  has,  on  the  contrary,  an  essentially  variable 
composition.  The  actual  composition  of  a given  commercial  (genuine) 
soap  depends  (1)  on  the  nature  of  the  fatty  acids,  (2)  on  the  composi- 
tion of  the  “ nigre  ” (in  the  case  of  “ settled  ” soaps),  and  (3)  on  the 
temperature  at  which  the  boiling  is  conducted.  Another  important 
factor  conditioning  the  ultimate  composition  would  be  the  pressure ; 
but  since  soap  is  always  made  at  the  ordinary  pressure,  this  factor, 
representing,  as  it  were,  a constant,  may  be  left  out  of  consideration.2 
The  finished  soap  behaves  like  a colloid.3  Commercial  soap  should, 
therefore,  in  Meriden’s  opinion,  be  looked  upon  as  an  “absorption- 
product,”  the  most  characteristic  property  of  which  is  its  continuous 
variation.  The  absorption  of  water  by  the  colloid  soap  being  a 
function  of  (1)  the  nature  and  structure  of  the  colloid,  (2)  the 
nature  of  the  solvent,  (3)  the  nature  of  the  salts  and  the  alkali 
(“  electrolytes  ”),  and  (4)  the  temperature,  the  variations  in  the 
composition  of  the  commercial  soap  would  be  explained  by  variations 
in  the  factors  set  out  above.  Briefly  stated,  soap  should  not  be 
looked  upon  as  a compound  of  sodium  salts  of  fatty  acids  with  which 
a definite  amount  of  water  is  combined  chemically,  but  rather  as  an 
“ absorption-product,”  the  composition  of  which  is  a function  of  the 
•environment  in  which  the  sodium  salts  of  the  fatty  acids  happen  to 
be  found  at  the  moment  of  the  finishing  operation. 

It  should  be  pointed  out  that  the  process  of  saponification  itself 
has  nothing  to  do  with  these  views,  it  being  immaterial  whether  the 
soap-paste  obtained  in  the  first  operation  be  produced  from  neutral 
fats  and  caustic  soda,  or  from  fatty  acids  and  sodium  carbonate. 
Such  difference  as  does  exist  does  not  affect  the  principle  of  the 
present  question,  but  only  such  minor  points  as  absence  or  presence 
of  glycerin,  difference  in  the  composition  of  the  aqueous  solution,  etc. 

In  the  light  of  these  views,  the  practical  operations  involved  in  the 
production  of  a “ settled  ” soap  in  the  soap-pan  may  be  explained  as 
follows : — The  soap-paste,  which  may,  or  may  not,  contain  an  excess 
of  alkali,  is  treated  with  common  salt.  The  latter  absorbs  and  with- 

1 Etudes  sur  la  constitution  des  savons  du  commerce  dans  ses  rapports  avec  la, 

fabrication,  Marseille,  1906. 

2 It  may  be  mentioned  here  that  patents  have  been  taken  out  for  the  production  of 
soap  under  pressure  as  also  in  a vacuum. 

3 The  view  that  soap  behaves  like  a colloid  was  adopted  first  by  Krafft  and  Wiglow, 
Berichte,  1895,  2573.  With  regard  to  the  objections  of  Kahlenberg  and  Schreiner  to 
Krafft’s  theory  and  the  rejoinder  of  the  latter,  see  Lewkowitsch,  Jahrbuch  der  Chem. 

1899,  352. 
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draws  water  from  the  pasty  mass,  and  when  a certain  concentration 
of  the  salt  solution  is  reached,  the  soap  is  thrown  up  in  a curdy 
form,  poor  in  water  and  rich  in  salt.  These  curdy  soap  granules 
occlude  some  of  the  saline  solution.  The  more  concentrated  the  salt 
solution  is,  the  less  water  is  retained  by  the  soap  granules,  or  “curd.” 
The  composition  of  the  “ curd  ” is  at  this  stage  a function  of  the 
composition  of  the  salt  solution,  which  may  contain  free  caustic  alkali, 
sodium  carbonate,  and  also  glycerol,  etc.,  as  the  case  may  be. 
After  withdrawing  the  lye,  and  preparatory  to  boiling  with  the 
“ strengthening  ” change,  water  (and  a small  quantity  of  caustic 
alkali)  is  added  to  “ close  ” the  soap.  The  grains  of  soap  absorb 
water,  parting  with  salt  until  the  salt  solution  has  become  so  dilute 
that  it  dissolves  soap,  and  finally  a homogeneous  mass  is  obtained. 
The  next  operation  is  merely  a repetition  of  the  process  of  graining, 
with  this  difference,  however,  that  the  salt  solution  is  now  made  less 
concentrated  than  before,  with  a view  to  producing  a less  coarse 
grain,  so  as  to  facilitate  the  operation  of  “ fitting  ” (see  above). 
The  mass  in  the  soap-pan  represents  at  this  stage  a biphasic  system, 
the  two  component  phases  of  which  have  been  characterised  already. 
The  composition  of  the  two  phases  differs,  whilst  their  constitution 
is  the  same;  both  contain  the  same  substances,  only  in  different 
proportions  ; both  are  colloidal  solutions  of  sodium  salts  of  fatty  acids 
in  an  alkaline  salt  solution,  only  the  proportions  of  salts  and  soap 
varying  to  a considerable  extent  (see  below). 

On  cooling  we  should,  therefore,  obtain  two  layers  only,  viz. 
“ neat  ” soap  and  “ nigre.”  As  stated  above,  frequently  three  layers 
are  found,  the  third  layer  being  a strong  salt  solution  below  the 
nigre.  The  occurrence  of  this  third  layer  is  readily  explained.  At 
the  temperature  of  the  finishing  operation  the  nigre  is  essentially  an 
alkaline  salt  solution,  holding  so  much  soap  in  solution  as  corre- 
sponds to  the  then  prevailing  temperature.  If  the  “ nigre  ” cools, 
the  equilibrium  can  no  longer  remain  undisturbed,  and  a portion  of 
the  saline  solution  separates  out,  leaving  the  nigre  richer  in  soap 
than  it  was  at  the  highest  temperature  reached  during  the  boiling 
operation.  (If  the  soap-pan  is  well  protected  against  loss  of  heat  by 
radiation,  it  may  happen  that  no  salt  solution  separates — Lewlcowitsch.) 
From  the  large  numbers  of  experiments  published  by  Merklen  in 
support  of  his  views,  one  example  may  be  given  as  typifying  the 
boiling  of  a tallow  soap. 

The  “ neat  ” soap  gave  the  following  numbers  : — 


It  should  be  pointed  out  that  the  amount  of  “ anhydrous  soap  ” is 
too  low  for  a “genuine”  commercial  tallow  soap. 


W ater 

Fatty  anhydrides 
Combined  alkali,  as  Na20 
Anhydrous  soap 
Free  alkali  . 

Sodium  chloride 


Per  cent. 

36-10 


63-36 

0-25 

0-29 
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The  “ nigre  ” consisted  of  three  layers  : — 

(1)  The  uppermost  layer,  yielding  the  following  numbers — water, 
36*40  per  cent;  free  alkali,  0*28  per  cent;  sodium  chloride,  0*29  per 
cent;  anhydrous  soap  (by  difference),  63*03  per  cent, — has  approxi- 
mately the  same  composition  as  the  “ neat  ” soap. 

(2)  The  next  layer,  forming  the  middle  portion  of  the  “ nigre,” 
gave  the  following  numbers: — Water,  53*40  per  cent;  free  alkali, 
0*73  per  cent;  sodium  chloride,  0*90  per  cent;  anhydrous  soap  (by 
difference),  44*97  per  cent. 

(3)  The  lowest  layer,  forming  the  well-known  greyish  spongy 
mass,  furnished  the  following  numbers  on  analysis : — Water,  68*30 
per  cent;  free  alkali,  1*31  per  cent;  sodium  chloride,  1*85  per  cent; 
anhydrous  soap  (by  difference),  28*54  per  cent. 

The  “lye”  below  the  “nigre”  contained: — Sodium  carbonate, 
0*86  per  cent;  sodium  hydroxide,  1*87  per  cent;  sodium  chloride, 
3*40  per  cent.  The  composition  of  the  nigre  is  thus  obviously  a 
function  of  the  temperature;  the  composition  changes  continually 
with  the  fall  of  the  temperature,  and  the  change  is  only  arrested 
when  the  mass  solidifies. 

Views  similar  to  those  developed  by  Meriden  have  been  published, 
at  the  same  time  and  independently  of  Meriden , by  Leimdorfer.1 

The  fact  that  all  genuine  commercial  soaps  boiled  on  a “ nigre  ” 
contain  approximately  the  same  percentage  of  fatty  acids  (the 
variations  amounting  to  no  more  than  1 per  cent  if  proper  care  be 
exercised)  may  be  explained  in  the  light  of  Meriden’s  views  by  the 
fact  that  in  the  process  of  manufacturing  these  soaps  (termed 
“ settled  ” soap,  as  they  are  allowed  to  “ settle  ” on  a nigre)  the  soap- 
maker  chooses  as  constants  not  only  the  temperature  and  the  pressure, 
but  also  the  proportion  of  free  alkali  in  the  “ nigre  ” and  the  amount 
of  soap  held  in  solution  by  the  nigre.  The  two  last  conditions 
implicitly  postulate  that  the  amount  of  salt  must  also  be  approxi- 
mately constant.  (Indeed,  a number  of  well-made  household  soaps 
examined  by  Lewkowitsch  contained  less  than  0*5  per  cent  of  sodium 
chloride  and  less  than  0*1  per  cent  of  sodium  sulphate.)  Such  slight 
variations  as  actually  do  occur  may  then  be  ascribed  to  slight 
variations  in  the  composition  of  the  nigre,  the  amount  of  salt  left 
in  the  neat  soap,  etc.  It  may,  indeed,  be  granted  that  these  factors 
are  fairly  constant  in  practice,  as  in  the  large  modern  soap-works  all 
working  details  are  so  carefully  observed  that  soaps  having  practi- 
cally identical  compositions  are  manufactured  from  week  to  week 
without  any  difficulty  whatever.  In  practice  those  oils  and  fats, 
which  if  used  alone  do  not  yield  a “settled”  soap  of  63  per  cent 
of  fatty  acids,  are  mixed  with  other  oils  and  fats,  so  that  the  mixture 
yields  a “settled”  soap  of  63  to  64  per  cent  of  fatty  acids. 

If  it  be  accepted  as  a fact  that  the  percentage  of  63  to  64  per 
cent  of  fatty  acids  is  the  maximum  obtainable  in  a “ settled  ” soap,  it 
would  appear  immaterial  whether  the  water  (or,  to  speak  more 
correctly,  the  dilute  salt  solution)  which  a “ settled  ” soap  retains  be 
1 A ugsburger  Seifensiederzeitung , 1906,  Nos.  24  to  29. 
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considered  as  the  maximum  amount  of  water  (or  solution)  which  the 
colloid — sodium  salts  of  mixed  fatty  acids — can  absorb,  or  whether 
it  be  looked  upon  as  “ water  of  constitution.”  If,  however,  it  were 
possible  to  prepare  a commercial  “ settled  ” soap  containing  more 
than  63  per  cent  of  fatty  acids,  i.e.  more  than  69  per  cent  of 
anhydrous  soap,  then  the  theory  which  assumes  “ water  of  constitu- 
tion ” must  fall  to  the  ground,  and  the  explanation  that  soap  is  a 
colloid  would  certainly  deserve  preference. 

Amongst  the  analyses  Meriden  published  in  detail  there  are  many 
which  lead  to  less  than  69  per  cent  of  anhydrous  soap,  and  hence 
do  not  represent  “ genuine  ” soaps ; but  there  are  six  which  lead  to 
71  to  74  per  cent  of  anhydrous  soap.  This  appears  to  the  author  to 
be  inconsistent  with  his  own  very  extensive  experience. 

The  author’s  difficulty  might  be  met  by  the  contention  that  the 
“ settled  ” soaps  found  in  commerce  contain  too  much  water  in  their 
freshly  prepared  state,  and  that  they  would  part  with  more  water 
(i.e.  dilute  salt  solution)  on  settling  in  the  soap-pan,  if  they  did  not 
solidify  too  soon.  And  it  might  further  be  urged  in  view  of  the 
author’s  difficulty  that  the  colloid  which  absorbs  the  maximum  of 
water  and  the  minimum  of  salt  is  that  one  which  is  obtained  in  the 
process  of  “ graining  ” with  the  most  concentrated  salt  solution.  Of 
course,  such  grained  soap  occludes  mechanically  portions  of  that 
concentrated  salt  solution,  and  would  therefore  show  a much  lower 
percentage  of  fatty  acids  than  63  to  64  per  cent.  Experiments  were 
therefore  undertaken  by  the  author  1 in  which  the  grained  soap  was 
subjected  to  pressure  in  order  to  remove  the  occluded  salt  solution, 
the  amount  of  salt  used  in  the  three  succeeding  experiments  being 
gradually  reduced  to  the  smallest  amount  possible. 

Pure  tallow  was  converted  on  a practical  scale  into  a genuine 
commercial  soap.  This  finished  soap  contained  anhydrous  soap, 
67*00  per  cent;  sodium  chloride,  0*934  per  cent.  This  soap  was 
boiled  up  with  water  to  a homogeneous  paste  and  treated  with  solid 
salt,  until  an  excess  of  salt  was  found  at  the  bottom  of  the  salt 
solution.  The  curdy  mass  was  expressed,  first  by  hand  in  a cloth, 
then  in  a spindle  press  up  to  a pressure  of  20  lb.,  then  at  40  lb.,  and 
finally  in  a hydraulic  press  at  a pressure  of  75  atmospheres.  The 
percentages  of  fatty  acids  in  the  successively  prepared  “ soaps  ” were 
as  follows  : — 38*0  per  cent,  58*6  per  cent,  62*8  per  cent,  and  65*4 
per  cent.  The  edges  of  the  press  cake  were  then  cut  off  and 
removed,  the  remaining  mass  was  roughly  broken  and  pressed  again 
at  a pressure  of  100  atmospheres.  The  resulting  soap  contained — 
anhydrous  soap,  73*10  per  cent;  sodium  chloride,  22*18  per  cent. 
The  mass  was,  of  course,  not  a commercial  soap,  being  merely  a 
mechanical  mixture  of  22*18  per  cent  of  sodium  chloride,  73*10 
per  cent  of  anhydrous  soap,  and  4*72  per  cent  of  water. 

Evidently  in  this  experiment  too  much  salt  had  been  used  in  the 
“ graining.”  Hence  in  the  following  experiment  the  “ graining  ” was 
performed  by  careful  addition  of  a saturated  brine  solution  to  the 
1 Lewkowitsch,  Journ.  Soc.  Chem.  lnd.  1907,  590. 
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soap  jelly  (prepared  as  above)  until  a clear  separation  of  the  “ curd 
had  taken  place.  The  curd  so  obtained  was  pressed  as  before.  The 
mass  pressed  at  a pressure  of  75  atmospheres  contained  6 8 *4  per  cent 
of  fatty  acids.  Subjected  to  a pressure  of  100  atmospheres  it  yielded 
69*6  per  cent  of  fatty  acids.  Finally,  after  pressing  at  150  atmo- 
spheres, the  mass  contained  : — Anhydrous  soap,  85*24  per  cent ;. 
sodium  chloride,  1*74  per  cent;  water  (by  difference),  13*02  per 
cent.  This  mass  differed,  of  course,  very  much  from  a commercial 
soap. 

As  the  proportion  of  salt  must  still  be  considered  too  high,  the 
commercial  genuine  soap  which  formed  the  starting  material  was 
shredded  and  pressed  up  to  150  atmospheres.  The  expressed  mass 
contained  : — Anhydrous  soap,  73*88  per  cent;  sodium  chloride,  0*87 
per  cent;  water  (by  difference),  25*25  per  cent.  This  mass  was, 
however,  not  a commercial  soap,  but  rather  that  form  of  soap  which 
is  ready  for  the  plodding  machine  in  the  manufacture  of  a toilet  soap 
(see  below). 

The  foregoing  experiments  have  not  removed  the  difficulty  which 
the  author  finds  in  fully  accepting  Meriden’s  views,  and  it  is  impossible 
to  reconcile  the  latter’s  statement,  viz.  that  he  obtained  those  six 
commercial  soaps  with  more  than  69  per  cent  of  anhydrous  soap, 
with  the  author’s  own  experience. 

Although  Meriden  adds,  in  a footnote  to  the  German  edition 
of  his  work,1  that  he  obtained  a commercial  palm  oil  soap  con- 
taining even  77  per  cent  of  fatty  acids,  the  author  has  not  the 
slightest  hesitation  in  stating  that  this  result  is  absolutely  incom- 
patible with  the  composition  of  a commercial  soap  made  in  the  soap- 
kettle. 

A serious  objection  to  the  view  that  commercial  genuine  soap 
is  a colloid  may  further  be  found  in  the  fact  that  sodium  and  even 
potassium  stearate  (or  palmitate)  crystallise  out  in  commercial  soap ; 
this  can  be  well  observed  in  a soft  soap,  on  account  of  its  trans- 
parency. This  crystallisation  can  be  produced  at  will  (“  figging,’7 
see  below),  and  is  obtained  by  admixing  some  tallow  with  linseed  oil 
in  making  soft  soap.  In  course  of  time  the  crystals  grow  and  per- 
meate the  whole  mass  of  soap.  This  is  all  the  more  noteworthy 
as,  viewed  in  the  light  of  the  foregoing  explanations,  a commercial 
soft  soap  must  be  considered  as  a much  better  representative  of  a 
colloidal  solution  of  soap  than  commercial  hard  soap,  which  contains 
less  water.  In  the  hard  soap  the  formation  of  a crystal  (indications 
of  which  are  shown  by  the  “ feather  ” in  soaps  containing  large 
amounts  of  hard  fats)  would  appear  to  be  prevented  by  the  rapid 
solidification  of  the  soap  mass,  much  as  in  the  case  of  solid  fats  the 
crystallisation  of  “ stearine  ” in  the  magma  of  “ oleine  ” is  prevented 
by  somewhat  rapid  cooling  (whereby  the  whole  mass  solidifies  to  a 
homogeneous  body ; cp.  Vol.  II.  Chap.  XIII.). 

A confirmation  of  the  author’s  view,  and  inferentially  a further 
objection  to  the  generalisation  of  Meriden’s  view,  may  be  found 
1 Translated  by  F.  Goldschmidt,  Halle  a.  S.,  1907,  p.  77. 
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in  some  observations  made  recently  by  JV.  D.  Richardson 1 in  the 
examination  of  ordinary  commercial  soaps  under  the  polarising 
microscope,  when  indications  of  crystalline  structure  were  noticed. 

Richardson  points  especially  to  the  formation,  in  transparent  hard 
soap  (see  below),  of  crystals  which  become  noticeable  from  four 
to  eight  weeks  after  the  soap  has  been  finished.  These  crystals  were 
observed  to  grow  in  size  and  number  for  an  indefinite  time.  (This 
would  point  to  a similarity  between  these  crystals  and  those  appearing 
in  a “ figged  ” soft  soap ; • cp.  above.) 

After  separating  (by  hand)  the  crystals  from  the  non-crystalline 
magma,  it  was  found  that  the  composition  of  the  crystals  was  that  of 
ordinary  pure  soap,  and  that  the  fatty  acids  melted  at  43°  to  44°  C., 
whereas  similarly  prepared  fatty  acids  from  the  still  transparent 
portion  of  the  soap  melted  from  36°  to  38°  C.  The  crystals  can  be 
made  to  grow  artificially,  by  introducing  them  into  a cake  of  trans- 
parent soap  (of  such  a composition  that  crystallisation  is  not  made 
altogether  impossible  as  by  the  presence  of  a large  amount  of  such 
substances  as  alcohol  or  sugar  solution). 

In  some  experiments,  holes  were  made  with  a cork  borer  in  bars 
of  transparent  soap,  which  contained  no  crystals,  and  into  these  holes 
plugs  of  soap  cut  from  a crystalline  bar  were  pressed  with  the  same 
cork  borer.  Around  the  plugs  so  introduced  masses  of  crystals 
formed  and  proceeded  to  grow. 

In  other  experiments,  crystals  were  ground  in  a mortar  and  in- 
troduced into  transparent  soap  just  about  to  solidify,  when  the  soap 
eventually  became  converted  into  a mass  of  crystals.  It  remains 
doubtful  whether  these  crystallisations  are  caused  by  nuclei  of  soap 
crystals,  for  no  crystals  were  formed  if  an  alcoholic  solution  of  “ soap 
crystals  ” was  added  to  a non-solidified  transparent  soap,  which  had 
been  filtered  in  order  to  remove  any  solid  substances  present. 
(Further  experiments  must  show  whether  nuclei  of  soap  crystals  are 
required  to  start  their  formation  or  growth,  for  hitherto  it  has  only 
been  shown  that  particles  of  crystalline  silica,  although  left  in  trans- 
parent soap  for  one  and  a half  years,  did  not  induce  formation  of 
crystals,  even  though  a soap  of  identical  composition  gave  a large  crop 
of  crystals  when  “ seeded  ” with  soap  crystals.) 

In  the  manufacture  of  genuine  settled  soaps  the  tendency  to  form 
crystals  is  purposely  destroyed.  By  passing  the  soap,  whilst  still  in 
its  hot  and  glassy  transparent  state,  through  the  mixing  machine,  the 
process  of  cooling  is  even  accelerated,  so  that  solidification  sets  in  all 
the  more  rapidly. 

In  order  to  ascertain  whether  a gradual  “ crystallisation  ” (or  a 
kind  of  “ segregation  ” of  “ crystalline  ” or  “ semi-crystalline  ” salts) 
would  take  place  if  drying  out  were  prevented  in  a genuine  (household) 
soap  containing  considerable  proportions  of  tallow  fatty  acids,  the 
author  had  a number  of  soap  tablets  wrapped  in  several  layers  of  tin- 
foil  and  grease-proof  paper  immediately  after  they  had  been  cut  out 
from  a soap  block,  and  had  been  stamped.  They  were  kept  for 
1 Journ.  Amer.  Che m.  Soc.  1908,  414. 
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one  year  side  by  side  with  samples  from  the  same  block  of  soap 
wrapped  in  the  ordinary  manner,  so  that  drying  out  could  take 
place. 

After  this  lapse  of  time  the  samples  were  unwrapped.  Those 
in  tinfoil,  etc.,  had  completely  retained  their  weight,  and  showed 
on  freshly -cut  surfaces  most  distinctly  a crystalline  appearance 
(“feather”),  more  distinctly  even  than  is  observed  in  those  tallow- 
rosin  soaps  in  which  the  appearance  of  “ feather  ” is  aimed  at.  The 
check  samples  had  dried  out  to  a considerable  extent,  but  the  inner- 
most portions  of  the  soap,  which  were  to  some  extent  protected  from 
drying,  showed  no  sign  of  a crystalline  appearance. 

Richardson  is  of  the  opinion  that,  amongst  other  influences  and 
conditions  affecting  the  formation  of  crystals,  desiccation  is  necessary 
to  bring  about  conditions  suitable  for  crystal  formation,  and  states 
that  as  desiccation  proceeds  there  is  apparently  produced  in  the  soaps 
an  increase  in  strain,  as  is  shown  by  the  transmission  of  light  between 
crossed  Nicols.  Richardson’s  conclusions  refer  to  transparent  hard 
soap.  (Unfortunately,  he  does  not  state  whether  the  transparent 
soaps  were  “ filled  ” soaps  or  not.) 

The  foregoing  observations  on  genuine  household  soaps  (containing 
approximately  30  per  cent  of  water)  would,  however,  show  that 
desiccation  has,  on  the  contrary,  an  inhibiting  influence.  This  is 
further  confirmed  by  the  well  - known  fact  that  “ figging  ” in  a soft 
soap  takes  place  throughout  the  whole  mass  in  closed  vessels  when 
no  evaporation  can  take  place. 

The  weight  of  experimental  evidence  would  thus  far  appear  to  be 
greater  on  the  side  of  the  supporters  of  the  view  that  genuine  hard 
soaps,  containing  30  per  cent  of  water,  are,  or  at  least  contain, 
crystalline  bodies,  the  crystallisation  (or  partial  crystallisation)  of 
which  is  so  easily  prevented  that  they  simulate  colloidal  solutions. 
Most  certainly  such  soaps  are  converted  into  colloidal  solutions  if  a 
larger  proportion  than  30  per  cent  of  water  be  admixed  with  the 
sodium  salts.  The  chemical  composition  of  the  fatty  acids  plays, 
however,  an  important  part,  and  generalisations  must  not  be  carried 
too  far,  as  obviously  the  fatty  acids  from  tallow  (which  is  rich  in 
stearic  acid)  must  behave  differently  from  those  of  olive  oil  (which 
contains  practically  no  stearic  acid).  The  same  argument  must  hold 
good,  to  some  extent,  of  potash  soaps ; those  made  exclusively  from 
linseed  oil  exhibit  no  tendency  to  crystallisation,  which  is,  however, 
readily  engendered  by  a small  proportion  of  stearate  introduced  as 
tallow. 

Much  of  the  apparent  conflict  between  the  views  held  by  Merklen 
on  the  one  hand,  and  by  the  author  on  the  other,  may  disappear 
when  more  detailed  account  is  taken  of  the  compositions  of  commercial 
soaps,  both  as  regards  the  nature  of  the  fatty  acids,  and  the  proportion 
of  water.  This  problem  must  therefore  be  attacked  on  the  basis  of 
experiments,  which  alone  will  lead  to  a decision. 
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p.  Soap-making1  from  Fatty  Acids  (“Soap  Stock  Fatty  Acids”) 

It  is  evident,  as  soap  consists  essentially  of  sodium  salts  of 
fatty  acids,  that  soap  may  also  be  made  by  neutralising  fatty  acids 
with  caustic  soda,  followed  by  working  and  “fitting”  the  resulting 
mass  in  the  manner  described  above,  p.  252.  This  process  of  soap- 
making was  first  suggested  by  Chevreul , and  has,  indeed,  been  in 
practical  use  ever  since  the  stearine  candle  industry  was  established, 
the  manufacture  of  soap  from  oleic  acid  affording  a natural  outlet  for 
this  by-product.  Since  fatty  acids  are  capable  of  expelling  carbonic 
acid  from  sodium  carbonate  when  boiled  in  aqueous  solution,  soap  can 
also  be  made  by  boiling  fatty  acids  with  sodium  carbonate. 

The  oleic  acid  used  for  the  manufacture  of  oleine  soap  with  caustic 
soda  or  sodium  carbonate  is,  as  a rule,  “ saponification  oleine  ” con- 
taining varying  amounts  of  stearic  and  palmitic  acids,  which  give  the 
soap  a much  harder  consistence  than  that  possessed  by  soap  made 
from  an  oleic  acid  which  is  practically  free  from  solid  acids. 

The  initial  manufacturing  operation  is  practically  tantamount  to 
neutralising  the  fatty  acids  with  caustic  soda  or  with  sodium 
carbonate,  as  the  case  may  be.  The  precaution  must,  however,  be 
taken  that  first  the  aqueous  solution  of  caustic  soda  or  sodium  car- 
bonate is  put  into  the  soap-pan,  and  that  the  oleic  acid  is  allowed  to 
run  in  slowly  whilst  the  mass  is  kept  boiling,  so  as  to  avoid  the 
formation  of  lumps  of  soap.  If  sodium  carbonate  be  used,  the  boiling 
must  be  conducted  with  great  circumspection,  so  as  to  facilitate  the 
evolution  of  carbonic  acid  and  to  prevent  the  boiling  over  of  the 
fobbing  mass. 

Oleine  soap  is  chiefly  made  in  candle-works.  Notwithstanding  the 
fact  that  sodium  carbonate  is  cheaper  than  caustic  soda,  many  candle- 
makers  still  adhere  to  the  boiling  with  caustic  soda  (to  the  exclusion 
of  sodium  carbonate),  as  the  higher  cost  of  the  caustic  alkali  is  more 
than  counterbalanced  by  the  ease  of  working  with  caustic  soda  and 
the  avoidance  of  losses  which  are  apt  to  occur  through  boiling  over 
when  sodium  carbonate  is  employed  (cp.  below). 

Oleic  acid  soap  is  largely  used  in  the  textile  industry,  especially 
for  scouring  silk  goods.  The  great  solubility  of  the  oleine  soap  in 
water  is  no  doubt  the  cause  of  preference  being  given  to  this  soap 
over  soaps  made  from  other  fatty  material. 

In  consequence  of  the  establishment  of  special  “ deglycerinising  ” 
works  (see  above)  the  manufacture  of  soap  from  “soap  stock  fatty 
acids  ” has  gained  some  extension,  especially  in  small  soap-works  on 
the  Continent,  one  of  the  chief  advantages  claimed  for  these  raw 
materials  being  the  saving  in  cost  afforded  by  using  sodium  carbonate 
in  place  of  caustic  soda — of  course,  as  far  as  the  proportion  of  free 
fatty  acids  permits. 

The  amount  of  sodium  carbonate  required  is  calculated  from 
the  acid  value  of  the  sample.  The  following  table,  giving  the 
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amounts  of  pure  sodium  carbonate,  Na2C03,  and  of  soda  crystals, 
Na2C03  + 10H2O,  required  for  the  acid  values  set  out  in  the  first 
column,  will  be  found  useful  in  practice.  It  should  be  added  that 
the  quantities  must  be  slightly  increased  in  proportion  to  the  impuri- 
ties in  commercial  soda  and  commercial  soda  crystals : — 


Sodium  Carbonate , or  Soda  Crystals , required  to  neutralise  the  Free  Fatty 
Acids  in  “ Soap  Stock  Fatty  Acids  ” ( Lewkowitsch ) 


Sodium  Carbonate,  C03Na2. 

| 

Soda  Crystals  Na2CO3-fl0H2O.  j 

Acid 

Value. 

Kilograms  per  Ton 
of  Fatty  Material. 

Lbs.  per  Cwt.  of 
Fatty  Material. 

Kilograms  per  Ton 
of  Fatty  Material. 

Lbs.  per  Cwt.  of 
Fatty  Material. 

1 

0*95 

0*106 

2*55 

0*285 

2 

1*89 

0*212 

5*1 

0*571 

3 

2*84 

0*318 

7*65 

0*867 

4 

3-79 

0*424 

10*20 

1*14 

5 

4*73 

0*530 

12*75 

1*43 

6 

5*67 

0*636 

15*29 

1*71 

7 

6*61 

0*742 

17*84 

2*00 

8 

7*55 

0*848 

20*39 

2*28 

9 

8*50 

0*954 

22*94 

2*57 

10 

9*45 

1*06 

25*49 

2*85 

11 

10*39 

1*16 

28  *05 

3*14 

12 

11*34 

1*27 

30*59 

3*43 

13 

12*28 

1*38 

33*14 

3*71 

14 

13*23 

1*48 

35*69 

4*00 

15 

14*17 

1*59 

38*24 

4*28 

16 

15*11 

1*70 

40*78 

4*57 

17 

16*06 

1*80 

43*33 

4*85 

18 

17*01 

1*91 

45*88 

5*14 

19 

17*95 

2*01 

48*43 

5*42 

20 

18*90 

2*12 

50*98 

5*71 

21 

19*84 

2*23 

53*53 

6*00 

22 

20*79 

2*33 

56*08 

6*28 

23 

21*73 

2*44 

• 58*63 

6*57 

24 

22*68 

2*54 

61*18 

6*85 

25 

23*62 

2*65 

63*72 

7*14 

26 

24*57 

2*76 

66*27 

7*42 

27 

25*51 

2*86 

68*82 

7*71 

28 

26*45 

2*97 

71*37 

8*00 

29 

27*40 

3*07 

73*92 

8*28 

30 

28*34 

3*18 

76*47 

8*56 

40 

37*80 

4*24 

101*96 

11*42 

50 

47*25 

5*30 

127*45 

14*27 

60 

56*68 

6*36 

152*94 

17*12 

70 

66*13 

7*42 

178*43 

19*97 

80 

75*60 

8*48 

203*92 

22*82 

90 

85*02 

9*54 

229*41 

25*68 

From  the  difference  between  the  acid  and  saponification  values  the 
amount  of  neutral  fat  in  the  soap  stock  fatty  acids  is  calculated. 
This  neutral  fat,  which  cannot,  of  course,  be  saponified  by  means  of 
sodium  carbonate,  must  be  finally  saponified  by  the  addition  of 
caustic  soda.  The  quantity  of  caustic  soda  solution  required  is 
found  in  the  tables  given  above. 
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In  small  works  the  sodium  carbonate  (or  soda  crystals)  required 
is  best  weighed  out  and  then  dissolved  in  the  soap-pan  in  a suitable 
amount  of  water,  for  sodium  carbonate  solutions  of  higher  concentra- 
tion than  about  14  per  cent  of  carbonate  cannot  exist  at  15°  C.,1  and 
more  concentrated  solutions  prepared  in  the  hot  will  crystallise  out 
if  the  temperature  falls,  thus  causing  great  inconvenience  in  a works. 
It  is  of  course  possible,  by  a suitable  arrangement  of  tanks  and  heating 
coils,  to  keep  a stock  of  sodium  carbonate  solutions  of  much  higher 
concentration. 

The  neutralisation  of  the  soap  stock  fatty  acids  is  carried  out  in 
the  same  manner  as  is  described  under  the  manufacture  of  oleine  soap. 
The  soda  solution  must  be  heated  first  in  the  soap-pan,  and  the  soap 
stock  fatty  acids  are  introduced  in  small  quantities,  care  being  taken 
not  to  run  in  a further  quantity  before  the  carbonic  acid  has  escaped  so 
far  that  frothing  over  is  not  likely  to  take  place.  It  follows,  of  course, 
that  the  soap-pan  must  be  of  much  greater  capacity  than  is  required 
in  the  case  of  the  same  amount  of  soap  made  by  the  process  described 
under  (a),  as  ample  space  must  be  allowed  for  the  tendency  of  the 
effervescing  mass  to  rise  rapidly.  It  is  of  the  utmost  necessity  to  keep 
the  mass  well  boiling.  Some  operators  even  pass  a current  of  air 
through  the  boiling  mass  in  order  to  facilitate  the  escape  of  the  carbonic 
acid.  This  contrivance  cannot,  however,  be  recommended. 

AVhen  all  the  carbonic  acid  has  practically  escaped,  the  amount  of 
caustic  soda  required  for  the  saponification  of  the  neutral  fat  is  intro- 
duced ; the  boiling  is  then  continued,  and  the  soap  further  treated 
in  exactly  the  same  manner  as  described  above  (p.  252). 

Having  regard  to  the  exaggerated  statements  that  are  made 
by  interested  parties  as  to  the  advantages  resulting  to  the  soap- 
maker  by  working  with  soap  stock  fatty  acids  instead  of  with  natural 
oils  and  fats,  the  fact  should  be  emphasised  that  soaps  of  best  quality 
are  obtained  only  by  boiling  glycerides  with  caustic  soda,  as  described 
under  (a).  If  “ soap  stock  fatty  acids  ” are  actually  prepared  in 
the  soap-works,  an  unnecessary  complication  and  a series  of 
cumbersome  processes  are  introduced  which  do  not  belong  to  a 
soap-works  proper.  But  even  at  best  these  processes  have  several 
very  serious  drawbacks  as  compared  with  the  natural  process  of  the 
soap-maker  described  above.  The  saving  brought  about  by  the  lower 
cost  of  sodium  carbonate,  as  against  the  equivalent  amount  of 
caustic  alkali,  is  by  no  means  counterbalanced  by  the  increased 
expense  for  larger  plant,  for  more  steam  (required  to  heat  up  the 
more  dilute  solutions),  for  the  possible  occasional  losses  (through 
boiling  over),  and  for  the  losses  of  carbonate  and  of  salt  in  the  spent 
lyes  (from  which  the  carbonate  and  the  salt  cannot  be  recovered 
at  a remunerative  expenditure).  In  this  connection,  it  may  be 
mentioned  that  patents  2 have  been  taken  out  for  the  recovery  of 

1 A table  giving  the  percentage  of  sodium  carbonate  in  solutions  from  1°  Twaddell 
to  30°  Twaddell  will  be  found  in  the  author’s  Laboratory  Companion  to  Fats  and  OUs 
Industries,  p.  118. 

2 United  States  patent  424,991  (E.  D.  Mellen,  1890)  ; German  patent  158,929  (W. 
Heckhausen,  1904). 
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carbonic  acid,  evolved  on  making  soap  from  soap  stock  fatty  acids, 
and  that  in  another  patent 1 claim  is  made  for  the  production  of 
soda  (by  the  ammonia  soda  process)  from  the  carbonic  acid  evolved 
in  the  soap-pan.  In  order  to  increase  the  yield  of  carbonic  acid, 
it  is  even  suggested  in  the  patent  specification  to  neutralise  the  soap 
stock  fatty  acids  with  sodium  bicarbonate  in  place  of  carbonate.  It 
must  further  be  pointed  out  that  the  glycerin  formed  from  the  neutral 
fat  in  the  soap  stock  fatty  acids  (from  1*5  to  2 per  cent  of  the 
total  charge)  is  lost,  for  the  soap  lyes  obtained  in  the  process  under 
consideration  contain  so  small  a percentage  of  glycerin  that  it 
does  not  pay  to  recover  it;  whereas  in  the  process  of  boiling, 
described  under  (a),  the  full  amount,  as  far  as  is  practicable,  is 
recovered.  The  fact  that  what  glycerin  is  recovered  by  making  soap 
stock  fatty  acids  is  more  valuable  because  containing  less  salt  must  be 
admitted,  but  the  loss  of  actual  glycerin  far  outweighs  the  supposed 
gain.  Over  and  above  this,  it  has  been  proved  by  extensive  practical 
experience  th^t  soaps  prepared  from  such  material  are  of  a lower  grade 
as  regards  colour,  and  have  a notably  softer  consistence  than  have  the 
soaps  made  by  the  “hot  process”  from  the  corresponding  neutral 
oils  and  fats.  Hence  the  process  of  manufacturing  soap  from  soap 
stock  fatty  acids  is  very  little  employed  in  this  country.  On  the 
Continent,  where  the  demands  of  the  public  as  to  colour  and  hardness 
of  soaps  are  less  rigorous,  this  process  has  gained  some  ground, 
especially  in  those  small  establishments  where  the  recovery  of 
glycerin  from  soap  lyes  (see  below)  is  supposed  to  be  too  cumber- 
some. But  even  there  it  is  not  denied  that  soaps  made  from  “ de- 
glycerinised  ” material  cannot  compare  favourably  in  quality  with 
those  manufactured  from  natural  oils  and  fats  by  the  hot  process, 
and  the  conviction  is  gaining  ground  that  by  adopting  “de- 
glycerinised  ” material,  the  soap  is  being  made  subsidiary  to  the 
recovery  of  glycerin,  and  is  practically  relegated  to  the  position 
of  a by-product. 

With  regard  to  the  merits  or  demerits  of  the  several  soap  stock 
fatty  acids,  it  may  be  added  that  the  autoclaved  material  has  a 
paler  colour  than  the  material  obtained  by  the  Twiichell  process, 
but  an  inferior  one  to  that  made  by  the  ferment  process.  The  loss 
of  fatty  material  in  the  Twitchell  process  is  practically  nil,  in  the 
autoclave  process  it  is  very  small,  whilst  in  the  case  of  the  ferment 
process  it  is  no  longer  negligible,  a notable  amount  being  lost  in 
the  middle  layer.  The  soaps  obtained  from  material  prepared  by 
the  Twitcliell  process  are  the  darkest.  For  this  reason  this  process 
cannot  be  recommended  for  making  “ genuine  ” soaps  ; it  is  essentially 
a process  that  produces  material  for  low-class  soaps.  (With  regard 
to  the  suitability  of  the  “ deglycerinised  ” materials  for  the  manu- 
facture of  soft  soap,  see  below.)  The  most  suitable  material  for  the 
autoclave  process  is  that  which  is  practically  neutral,  whilst  that 
which  is  high  in  free  fatty  acids  is  better  adapted  for  being  worked 
1 French  patent  348,708  (Ferrier). 
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up  by  the  Twitchell  process.  Material  rich  in  free  fatty  acids, 
especially  in  volatile  acids,  is  not  suitable  for  the  ferment  process, 
which  works  best  with  good  raw  material  (like  the  autoclave  process). 
However,  it  must  be  pointed  out  that  tallow  and  other  high-melting 
fats  are  unsuitable  for  the  ferment  process,  and  if  these  materials 
are  required,  they  must  be  “ softened  ” by  the  admixture  of  low- 
melting  fats,  in  order  to  become  accessible  to  the  action  of  the 
ferment. 

None  of  these  processes  have  been  able  to  displace  the  boiling 
of  neutral  glycerides  ; nor  are  they  likely  to  do  so  in  the  near  future. 
Although  one  or  the  other,  or  all  of  the  three  processes  may  be 
worked  on  a small  scale,  they  are  only  employed  for  dealing  with 
special  material  adapted  to  the  making  of  special  soaps,  and  those 
of  inferior  quality.  Many  installations  erected  for  the  production 
of  soap  stock  fatty  acids  have  been  laid  idle  within  the  author’s 
experience,  after  practical  results  had  demonstrated  that  first-class 
soap  could  not  be  obtained  from  such  material. 

The  manufacture  of  soap  exclusively  from  rosin  hardly  falls 
within  the  operations  of  a soap-works,  as  rosin  soap  is  of  too  soft 
a consistence  to  be  used  as  a substitute  for  the  ordinary  household 
soaps  and  textile  soaps.  In  soap-works  rosin  is,  therefore,  only  used 
as  an  admixture  to  fatty  raw  material. 

Soap  made  from  rosin  only  is,  however,  largely  used  in  paper 
mills,  for  sizing.1  In  these  works  rosin  soap  is  frequently  prepared 
with  sodium  carbonate  alone,  by  boiling  a dilute  solution  of  sodium 
carbonate  with  rosin.  No  “ fitting  ” is  necessary,  for  the  concentra- 
tion of  the  rosin  soap  solution  is  regulated  by  the  requirements 
of  the  works.  Sodium  carbonate  not  being  capable  of  converting 
rosin  completely  into  soap,  these  solutions  represent  an  emulsion 
of  true  rosin  soap  and  unsaponified  anhydrides.  A discussion  of 
the  patents  taken  out  for  the  preparation  of  rosin  soap  falls  outside 
the  scope  of  this  work.  The  proposal  to  make  a rosin  soap  by 
melting  rosin  and  introducing  dry  soda  into  the  melted  mass,2  in  the 
same  manner  as  “fused”  driers  are  prepared  (see  p.  107),  cannot 
be  recommended. 

(C)  Soap-making  by  Double  Decomposition  of  Lime  Soaps 
with  Sodium  Carbonate 

The  process  of  saponifying  oils  and  fats  with  lime  (cp.  Vol.  I. 
Chap.  II.),  and  subsequently  converting  the  lime  soaps,  after  removal 
of  the  glycerin,  into  soda  soaps  by  double  decomposition  with  sodium 
carbonate,  was  first  proposed  by  Tardani .3  This  process  has,  however, 

1 German  patent  203,713  (E.  Fues). 

2 Marcel  Douxami,  Les  Corps  gras,  1907,  p.  242. 

3 English  patent  1614,  1874.  In  place  of  lime,  lead  oxide  is  suggested  ; cp.  also 
German  patent  55,110. 
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never  been  adopted  in  practice.  Krebitz,1  evidently  in  ignorance 
of  Tardani’s  specification,  recently  brought  this  method  into  a 
workable  form.  He  avoids  the  chief  difficulty  presented  by  the 
hardness  of  the  lime  soap,  in  that  he  conducts  the  saponification 
process  at  a carefully  regulated  temperature  (from  98°  C.  to  100°  C.), 
and  does  not  protract  the  boiling  with  lime  up  to  the  point  at  which 
hard  lime  soap — “ rock  ” — separates  out,  as  is  done  when  this  process 
is  applied  to  the  production  of  candle-making  material  (see  p.  167). 

The  saponification  is  effected  by  boiling  oils  and  fats  with  12  to 
14  per  cent  of  carefully  selected  lime  of  high  purity  (free  from 
magnesia).  The  mass  is  stirred  vigorously,  and  when  a thorough 
emulsion  has  been  produced,  the  vessel  is  covered  to  protect  it  from 
loss  of  heat.  The  product  is  allowed  to  stand  for  six  to  ten  hours, 
when  it  presents  the  appearance  of  a solid,  porous  mass,2  which  is 
still  sufficiently  warm  to  permit  its  being  dug  out  of  the  containing 
vessel.  It  is  then  thrown  into  a grinding  machine,  which  disin- 
tegrates it  to  a powder.  This  powder  is  transferred  to  a cylindrical 
vessel,  where  it  is  repeatedly  lixiviated  with  water,  to  wash  out 
the  glycerin  contained  in  the  mass,  and  is  finally  sucked  dry  by 
means  of  an  air-pump.  The  lime  soap  is  transported  to  the  soapery 
proper,  and  introduced  in  small  quantities  into  a soap-pan  containing 
a boiling  solution  of  sodium  carbonate.  When  the  decomposition 
of  the  lime  soap  is  nearly  complete,  a small  quantity  of  caustic  soda 
solution  is  added.  The  soap -paste  is  next  treated  with  salt,  until 
the  curd  is  thrown  out.  The  contents  of  the  soap-pan  are  then 
allowed  to  rest,  when  calcium  carbonate  settles  out  at  the  bottom 
of  the  pan  as  a heavy  sludge,  whereas  soap  curd  separates  on  the 
top ; a salt  solution  containing  an  excess  of  alkali  forms  an  inter- 
mediate layer.  The  calcium  carbonate  sludge  is  drawn  off,  and, 
as  it  holds  soap  entangled  (from  4 to  7 per  cent),  it  must  be 
washed,  and  finally  lixiviated  with  water  in  a filter  press,  to  recover 
the  occluded  soap.  The  soap  left  in  the  pan  after  drawing  off  the 
spent  lye  is  reboiled,  and  finished  in  the  manner  described  above 
under  (a). 

This  process  is  an  extremely  cumbersome  one.  As  pointed  out 
already,  the  lime  employed  must  be  of  great  purity,  and  its  amount 
must  be  greater  than  the  theoretical  quantity  of  9-2  per  cent  (see 
Vol.  I.  Chap.  II.).  The  manifold  operations  prior  to  the  soap-making 
proper,  and  the  repeated  washings  of  the  sludge  necessary  to  recover 
the  entangled  soap,  entail  manipulations  which  compare  very  un- 
favourably with  the  simplicity  of  the  “ hot  ” process  described  under  (a). 
If  there  be  added  to  these  drawbacks  the  difficulty  of  disposing  of 
the  lime  sludge,  it  appears  extremely  unlikely  that  this  troublesome 
process  will  meet  with  extended  application.  Moreover,  it  must  not 
be  overlooked  that  the  finished  soap  contains  some  lime,  and  that 
some  soap  is  lost  in  the  lime  sludge. 

1 German  patent  155,108  ; French  patent  337,509  ; English  patent  4092,  1905. 

2 It  has  been  pointed  out  above  (p.  167)  that  Ferrier  claims  the  production  of  a similar 
lime  soap,  by  saponifying  with  lime  in  a vacuum  (French  patent  366,460). 
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Several  years  ago  (when  prices  of  glycerin  were  high)  the  process 
was  adopted  by  some  small  soap-works,  which  had  up  till  then  run 
their  spent  lyes  to  waste.  As  the  caustic  lime  exercises  some 
purifying  action  in  the  case  of  low -class  material  (such  as  bone 
fat)  containing  albuminoids  and  gluey  matter,  this  process  may 
continue  to  be  practised  with  low -class  material,  under  certain 
favourable  commercial  conditions. 

A further  patent  by  Krebitz 1 claims  the  manufacture  of  hard  (or 
soft)  soap  from  lime  soap  by  double  decomposition  of  the  latter  with 
ammonium  carbonate  in  the  presence  of  sodium  chloride  or  sodium 
sulphate  (or  of  potassium  chloride  or  potassium  sulphate),  when  the 
ammonium  chloride  or  ammonium  sulphate  formed  is  said  to  be 
recovered  completely.  The  patent  specifications  state  that  the  opera- 
tions are  conducted  in  closed  vessels. 


Attempts  have  been  made  to  bleach  low-class  “ off- coloured  ” 
soaps  by  the  same  means  that  have  been  suggested  for  the  bleaching 
of  oils  and  fats  (see  Vol.  II.  Chap.  XIII.).  The  remark  made  in 
Yol.  II.  Chap.  XIII.  with  regard  to  oils  and  fats,  viz.  that  the  colour 
reverts  after  some  little  time,  also  holds  good  for  soap  treated 
with  many  bleaching  agents,  which  latter  are  offered  mostly  under 
fancy  names,  since  the  problem  of  bleaching  “ off-coloured  ” soaps  has 
been  revived  in  consequence  of  the  appearance  in  the  market  of  soaps 
made  from  soap  stock  fatty  acids. 

Soaps  made  from  greases,  such  as  soap  made  from  cotton  seed 
stock  (which  has  acquired  a certain  importance  in  commerce),  will  be 
incidentally  referred  to  under  Chapter  XYI. 


In  the  above-given  description  of  the  manufacture  of  soap,  regard 
has  only  been  had  to  the  production  of  the  best  soaps  that  can  be 
made  by  boiling  in  a soap-pan,  as  these  soaps  are  at  present  gradually 
ousting  all  inferior  kinds  of  soap  out  of  the  market.  Soap  of  this 
kind  contains  63  to  64  per  cent  of  fatty  acid  when  freshly  made  (see 
p.  258),  and  approximately  30  per  cent  of  water;  the  amount  of 
saline  impurities,  such  as  salt,  etc.,  being  very  small.  Soaps  made 
by  this  process  are  known  as  “ genuine ” soaps,  and,  with  special 
reference  to  the  process  by  which  they  are  made,  are  termed  in 
technical  parlance  “ settled  ”2  soaps  (French — Savon  liquids ; German 
— Geschliffene  Seife , abgesetzte  Seife,  Seife  auf  Leimniederschlag). 

Next  in  purity  to  the  genuine  soap  rank  those  soaps  which  are 
“boiled  on  a lye,”  and  are  termed  “curd”  soaps  (French — Savon 
unicolore  sur  lessive  ; German — Seife  auf  Unterlauge).  They  are  “fitted” 

1 German  patent  189,685  ; French  patent  369,523;  English  patent  4092,  1905. 

2 The  term  “ fitted  ” soap  does  not  appear  suitable,  as  lower  kinds  of  soap,  such  as 
semi-boiled  soap  and  blue  mottled  soap  ( Eschweg  soap,  savon  de  Nantes)  are  also 
“fitted.” 
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in  such  a manner  that  a somewhat  open-grained  soap — curd — rests  on 
a lye,  which,  in  the  case  of  the  best  class  of  soaps,  consists  of  a salt 
solution  containing  only  small  amounts  of  caustic  soda  or  sodium 
carbonate.  The  water  in  these  “ finished  ” soaps  contains  larger 
quantities  of  salt  than  is  the  case  with  genuine  soaps,  and  therefore 
the  percentage  of  fatty  acids  barely  reaches  63  per  cent.  If  the 
fatty  raw  materials  and  the  lyes  are  pure,  a separation  of  dark  soap 
(impurities)  between  lye  and  soap  cannot  take  place ; but  if  the  fatty 
materials,  etc.,  are  somewhat  impure,  a small  layer  of  dark  soap 
separates  between  the  “ curd  ” and  the  lye.  This  layer  is  left  in  the 
pan  to  be  dealt  with  in  a subsequent  operation. 

If  the  fatty  material  used  in  the  making  of  curd  soaps  is  of 
somewhat  low  quality  (kitchen  grease,  bone  fat,  etc.),  it  is  necessary 
to  finish  on  lyes  somewhat  stronger  in  caustic  alkali.  The  impurities, 
such  as  metallic  soaps,  etc.,  have  not  the  same  facility  to  settle  out 
in  the  pan,  as  in  the  case  of  best  soaps,  in  consequence  of  the  curdy 
nature  of  the  soap  flakes.  Hence  the  impurities  segregate  on  cooling 
in  the  form  of  veins  in  the  soap,  and  cause  the  solidified  soap  to 
exhibit  a slight  “ marbling  ” or  “ mottling.”  These  soaps  are  therefore 
known  as  “ genuine  mottled  ” soaps.  Since  this  class  of  soap,  as  stated 
already,  is  mostly  “ finished  ” on  strongly  alkaline  lyes,  the  “ finished  ” 
soaps  are  much  more  strongly  alkaline  than  those  described  above. 
The  proportion  of  fatty  acids  in  the  soap  is,  therefore,  liable  to  be 
still  further  reduced,  viz.  to  about  61  per  cent.  As  these  soaps 
are  too  strongly  alkaline  for  household  use,  they  are  chiefly  employed 
for  laundry  and  manufacturers’  purposes. 

A lower  quality  still  than  “ genuine  mottled ” soap  is  the  type 
represented  by  the  so-called  Marseilles  soap.  This  soap  was  originally 
made  with  lyes  obtained  from  “ barilla  ” and  “ kelp  ” soda,  which 
contained  a considerable  amount  of  impurities,  such  as  sodium 
carbonate,  sulphates,  sulphides,  etc.  The  soap  stock  was  usually  an 
inferior  kind  of  olive  oil.  The  amount  of  natural  impurities  from 
both  fatty  material  and  lyes  (which  latter  were  specially  rich  in 
sodium  carbonate)  retained  by  the  water  left  in  the  “ curd  ” was,  there- 
fore, much  greater  than  in  the  case  of  the  above-described  soaps. 
These  impurities  segregated  on  cooling  in  the  soap,  just  as  is  the  case  in 
the  genuine  mottled  soap,  but,  being  present  in  much  greater  quantity, 
they  imparted  to  the  finished  soap  a much  more  developed  marbling. 
This  marbling  was  made  more  prominent  still  by  the  addition  of  some 
iron  sulphate  (“  copperas  ”)  or  (and)  English  red.  It  was  well  known 
that  by  adding  more  water  to  a soap  of  this  kind  the  “ marbling  ” 
would  drop  out  (as  in  the  case  of  “ semi-boiled  ” soaps).  Hence  the 
“ marble  ” was  considered  a sign  of  purity,  and  for  many  years  the 
mottled  appearance  was  looked  upon  by  the  public  as  a guarantee  of 
good  quality.  The  Marseilles  soap  contains  less  than  60  per  cent  of 
fatty  acid,  as  a rule  no  more  than  58  per  cent,  and  in  order  to  give  it 
sufficient  hardness  for  handling,  it  must  be  ‘‘pickled”  in  a brine 
solution.  In  the  author’s  opinion  a soap  of  this  kind  must  be  classed 
as  a “filled”  soap.  The  manufacture  of  this  soap  is  practically 
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confined  to  Marseilles ; and  even  there  the  demand  for  it  is  greatly 
diminishing. 

The  repute  which  this  soap  enjoyed  led  to  the  production  of 
another  kind  of  mottled  soap,  with  which  the  Marseilles  soap  must 
not  be  confounded,  and  which  in  the  author’s  opinion  must  be  looked 
upon  as  an  “ adulterated  ” soap.  This  imitation  Marseilles  soap, 
known  as  “ blue  mottled  ” soap  (“Eschweg  soap,”  savon  marbrt,  de  Nantes), 
is  still  a “ fitted  ” soap,  inasmuch  as  its  proportion  of  fatty  acids 
is  a definite  one,  lying  between  46  and  48  per  cent,  and  cannot  be 
varied  at  will  (as  is  the  case  with  the  soaps  to  be  described  below). 
This  soap  is  made  by  “ filling  ” the  genuine  soap-paste  with  solutions 
of  sodium  carbonate,  sodium  silicate,  and  (or)  salt,  which  vary  both 
in  strength  and  in  their  several  proportions  according  to  the  nature 
and  composition  of  the  fatty  raw  material  used. 

This  soap  represents  at  the  boiling  temperature  a mixture  of  two 
soap  solutions,1  so  carefully  balanced  2 by  the  art  of  the  soap-maker 
that  they  have  approximately  the  same  specific  gravity  at  a tempera- 
ture slightly  below  the  boiling  temperature.  Hence,  on  solidification 
of  the  mass,  no  separation  of  the  components  into  two  distinct  layers 
takes  place.  What  separation  does  take  place  occurs  so  slowly  that 
the  solution  which  is  richer  in  soap  solidifies  and  imprisons  the 
solution  which  is  poor  in  soap,  before  the  latter  has  had  time  to 
segregate  in  the  shape  of  a lower  layer.  Hence  the  desired  “ marble  ” 
in  the  soap  is  obtained.3 

The  marbling  is  made  more  pronounced  by  the  addition  of  ultra- 
marine  for  blue  mottled  soap ; by  using  other  pigments  grey  mottled 
and  red  mottled  soaps  are  produced. 

Such  soap  also  requires  “ pickling  ” before  it  is  put  on  the  market. 

This  soap  can  be  boiled  direct  from  neutral  fats  in  one  operation, 
when,  of  course,  the  glycerin  remains  in  the  soap.  But  it  is  more 
profitable  to  the  soap-maker  to  remove  the  bulk  of  the  glycerin  by 
saponifying  the  whole  or  part  of  the  fatty  material  in  a separate  pan, 
thus  obtaining  a “ glycerin  lye  ” and  curd  soap,  which  is  then 
converted  into  mottled  soap.  The  colour  of  the  finished  soap  does 
not  suffer  thereby,  whereas  soap  made  from  “ soap  stock  fatty  acids  ” 
frequently  becomes  so  seriously  discoloured  that  it  is  practically 
unsaleable. 

The  lowest  kind  of  “fitted”  soaps  are  those  which  are  termed 
“semi-boiled”  soaps  (French — Savon  cuit ; German — Leimseifen,  Seifen 
auf  halbwarmen  JVege).  These  soaps  are  nothing  but  more  or  less 
concentrated  saline  solutions  of  soap,  and  can  be  made  to  contain  any 
desired  proportion  of  water.  Some  kind  of  purification  is  effected  by 

1 Cp.  A.  A.  Shukoff,  A ugsburger  Seifensiederzeitung,  1901,,  No.  22;  Leimdorfer, 
Augsburger  Seifensiederzeitung,  1906,  Nos.  24  to  29  ; Merklen,  Etudes  sur  la  constitu- 
tion, etc. 

2 If  the  “balancing”  is  not  done  correctly  the  mottle  does  not  “strike,”  and  the 
finished  soap  represents  either  two  layers  or  a uniformly  “mottled”  mass  without  any 
signs  of  “ marbled  veins.” 

3 Lewkowitsch,  “Modern  Views  on  the  Constitution  of  Soap,”  Journ.  Soc.  Chem.  Ind. 
1907,  590. 
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allowing  these  soaps  to  drop  a certain  amount  of  “nigre,”  containing 
a good  deal  of  the  impurities  in  the  raw  material ; but,  as  a rule, 
these  soaps  are  mostly  filled  into  frames  immediately  after  being 
made.  The  manufacture  of  these  soaps  may  be  considered  as  entirely 
obsolete,  all  the  more  so  as  the  glycerin  contained  in  the  fatty  raw 
material  is  lost,  much  as  in  the  making  of  soft  soap  from  glycerides ; 
indeed,  these  soaps  may  be  likened  to  soft  soaps.  At  present  small 
quantities  of  this  class  of  soap  are  still  made  in  the  south  of  Europe 
from  low-class  fatty  material,  rich  in  free  fatty  acids.  This  kind  of 
soap  must,  of  course,  be  considered  as  “ adulterated  ” soap. 

In  this  country  “adulterated”  soaps  are  mostly  prepared  by 
the  aid  of  the  mixing  (crutching)  machines  into  which  “ neat  ” soap 
settled  on  a nigre  is  run,  and  is  there  incorporated  with  solutions  of 
salt,  sodium  carbonate,  and  (or)  sodium  silicate  to  any  desired  extent, 
so  that  all  grades  of  soap  ranging  from  60  per  cent  of  fatty  acids 
downwards  to  even  10  per  cent  can  be,  and  are,  made.  In  order  to 
give  these  soaps  sufficient  firmness  for  handling  they  are  either 
“ stoved  ” or  “ pickled,”  as  the  case  may  be. 

In  mitigation  of  the  practice  of  “ filling  ” soaps  with  solutions  of 
sodium  borate,  or  of  sodium  carbonate  or  (and)  silicate,  is  adduced 
the  apologetic  explanation  that,  besides  hardening  the  soap,  the  added 
solutions  possess  detergent  properties.  The  best  that  can  be  said  for 
soaps  of  this  class,  which  range  in  their  proportion  of  fatty  acids 
between  52  and  60  per  cent,  is  that  they  might  be  considered  as 
standing  on  the  borderland  between  genuine  soaps  and  “ adulterated  ” 
soaps.  They  should  be  openly  described  as  “ filled  ” soaps. 

There  can,  however,  be  no  doubt  that  adulteration  has  taken 
place  in  the  case  of  those  “ filled  ” soaps  which  have  been  “ loaded  ” 
with  weighting  substances,  such  as  clay,  talcum  (sometimes  sold  under 
the  name  of  “ fillers  ”),  chalk,  barytes,  asbestos,  seed  husks,  etc.,  or 
with  solutions  of  magnesium  salts,  etc.  In  the  same  category  fall 
soaps  filled  with  starch.  In  the  opinion  of  the  author  soaps  contain- 
ing less  than  50  per  cent  of  fatty  acids  should  be  looked  upon  as 
“adulterated,”  whether  the  “fillings”  have  detergent  properties  or 
not,  unless  the  admixture  be  declared  openly  (see  below,  “ Sand 
Soaps  ”). 

Before  the  manufacture  of  genuine  soaps  had  reached  the  high 
state  of  perfection  to  which  it  has  attained  at  present,  the  not  incon- 
siderable amount  of  free  caustic  soda  present  in  the  ordinary  house- 
hold soaps  forbade  their  use  for  toilet  purposes.  Hence  for  the 
production  of  toilet  soaps,  curd  soap  made  from  carefully  selected 
material  was  subjected  to  refining  processes  of  which  the  simplest 
was  that  which  produced  “remelted  soaps.”  More  complicated  are 
the  methods  for  making  milled  soaps  and  transparent  soaps.  These 
three  processes  are  still  in  vogue  at  present. 

Remelted  Soaps. — The  process  consists  in  bringing  curd  soaps  back 
into  the  liquid  state  by  “remelting”  in  steam- jacketed  vessels;  by 
reworking  the  soap,  free  caustic  soda  is  converted  into  carbonate, 
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and  thus  rendered  less  harmful  to  the  skin.1  (This  process  of 
“remelting  ” is,  in  some  cases,  repeated  several  times.  At  the  same 
time  colouring  matters,  ethereal  oils  (perfume),  and  medicaments 
(in  the  case  of  medicated  soap)  are  incorporated  with  the  liquid 
mass  in  the  last  stages  of  the  process,  and  the  soap  is  then  run  into 
shallow  trays  or  moulds  to  be  stamped  after  solidification.  The 
remelting  used  to  be  done  in  this  country  in  separate  establishments 
(the  existence  of  which  was  due  to  the  revenue  tax  on  soap)  by  special 
manufacturers  who  were  known  as  “ soap  remelters,”  in  contra- 
distinction to  the  “ soap-makers,”  who  supplied  the  curd  soap.  At 
present  the  “remelted”  soaps  are  chiefly  made  by  the  soap-makers 
themselves,  who  take  the  finished  soap,  whilst  still  hot,  from  the 
soap-pan,  and  colour  and  perfume  it.  The  soap  is  then  allowed  to 
cool  in  small  frames,  much  in  the  same  manner  as  the  household 
soaps  are  cooled.  Remelted  soaps  contain  approximately  the  same 
amount  of  water  as  household  soaps  do. 

Milled  Soaps. — The  name  is  derived  from  the  milling  processes 
through  which  these  soaps  are  passed.  The  “ basis  ” for  these  soaps 
is  a carefully  made  “curd”  prepared  from  best  materials  and 
“ finished  ” so  carefully  that  the  amount  of  free  caustic  soda  is 
extremely  small.  In  order  to  render  the  raw  material  suitable  for 
milling,  the  bulk  of  the  water  must  be  removed.  This  is  done  by 
cutting  the  soap  bars  into  fine  shavings  by  means  of  a rotary 
cutting  machine,  and  spreading  the  shavings  in  thin  layers  on  trays 
in  a steam-heated  drying  chamber.  In  large  establishments  the 
shavings  are  carried  on  an  endless  band  through  a drying  apparatus. 
The  soap  shavings  thereby  lose  about  20  per  cent  of  water,  and  are 
then  ready  to  be  worked  into  fine  shreds  between  granite  rollers  in  a 
milling  machine  (or  crushing  machine).  At  this  stage  of  the  opera- 
tions colouring  matters,  glycerin,  perfumes,2  as  also  medicaments  (for 
“ medicated  ” soaps),  are  introduced.3  The  mass  is  repeatedly  passed 
between  the  rollers  until  a complete  intermixture  is  obtained.  The 
shredded  soap  is  then  transferred  to  a “ plodding  ” machine 
(“ peloteuse”),  in  which  the  shreds  are  compressed  by  means  of  a 
helical  screw  and  driven  against  a plate  perforated  with  a number  of 
small  holes,  so  that  the  soap  passes  this  part  of  the  machine  in  the 
form  of  single  thick  threads.  Beyond  this  plate  the  threads,  still 
under  pressure,  traverse  a jacketed  chamber,  heated  by  hot  water, 
and  are  thus  pressed  together  at  a somewhat  elevated  temperature,  so 
that  the  threads  coalesce  and  leave  the  machine  in  the  shape  of  a 

1 Other  patented  methods  of  neutralising  free  caustic  soda  are  : addition  of  ammonium 
salts  (C.  A.  Wright,  English  patent  14,681,  1885),  of  egg  albumen  (German  patents 
112,456,  122,354,  134,933),  wheat -gluten  (Klopfer,  English  patent  10,350,  1904), 
casein  (Horn,  German  patent  193,562),  but  it  may  be  added  that  they  are  superfluous- 
if  due  care  be  observed  in  the  manufacturing  process. 

2 As  the  operations  take  place  in  the  cold,  and  the  soap  is  only  slightly  warmed, 
much  more  delicate  perfumes  can  be  used  than  in  the  “ remelting  ” process. 

3 In  order  to  guard  against  the  presence  of  free  caustic  soda  in  the  finished  soap, 
some  makers  add  olive  oil  or  (and)  wool-wax,  on  the  assumption  that  the  caustic 
soda  will  combine  with  them  to  form  neutral  soap.  These  soaps  are  known  as  “super- 
fatted ” soaps  (cp.  also  p.  292). 


XV 


SOAP  MANUFACTURE 


277 


continuous  bar  of  soap,  which  is  cut  into  cakes  of  suitable  size  for  the 
stamping  machine.  A special  kind  of  milled  soaps  are  “ shaving 
soaps  ” ; the  “ basis  ” for  these  soaps  is  mostly  made  with  both  caustic 
soda  and  caustic  potash,  in  order  to  produce  a finer  texture  and  better 
lathering  properties. 

Transparent  Soaps. — Genuine  transparent  soaps  are  prepared  by 
shredding  and  drying  the  soap  “basis,”  as  described  under  “milled 
soaps,”  and  then  dissolving  the  dry  shreds  in  alcohol.  Any  impurities 
in  the  soap  ( e.g . sodium  carbonate)  settle  out  and  can  be  withdrawn, 
or  the  alcoholic  solution  is  decanted.  The  bulk  of  the  alcohol  is  then 
distilled  off,  and  the  gelatinous  residue  is  run  into  moulds,  wherein  the 
soap  solidifies  to  a cake  which  still  retains  some  alcohol  and  has 
a dull  or  only  translucent  appearance.  On  storing  the  cakes  for  some 
months,  they  lose  most  of  the  retained  alcohol  and  become  trans- 
parent, especially  if  kept  at  a temperature  of  35°  C.  The  “ basis  ” 
of  these  soaps  is  made  from  tallow,  cocoa  nut  oil,  and  castor  oil. 
Other  kinds  are  made  from  tallow-rosin  soaps  which  may  still  be 
regarded  as  genuine  soaps,  though  they  undoubtedly  represent  lower 
qualities.  If  the  latter  soaps  are  “ filled  ” with  sugar  solution,  they 
must  be  regarded  as  adulterated  soaps  approaching  in  quality  the 
cheap  transparent  soaps  made  by  the  “cold”  process,  although  they 
are,  as  a rule,  freer  from  uncombined  caustic  alkali. 

A special  kind  of  transparent  soap  is  made  from  stock  containing 
very  high  proportions  of  rosin  ; some  qualities  contain  even  free  rosin 
acids.  When  such  soaps  are  allowed  to  cool  in  a shallow  layer  they 
acquire  transparency. 


2.  SOFT  SOAP— POTASH  SOAP 

In  the  manufacture  of  soft  soap  the  base  used  preponderantly  is 
potassium  hydrate,  small  quantities  only,  if  any,  of  caustic  soda  being 
employed  under  certain  conditions.  Thus  in  summer  it  is  the 
custom  to  saponify  with  a mixture  of  caustic  potash  and  caustic  soda, 
according  to  the  desired  consistence  of  the  finished  product.  The 
manufacture  of  potash  soap  is  much  simpler  than  that  of  hard  soaps, 
as  it  involves  practically  only  one  operation,  viz.  “boiling”  the 
glycerides  with  caustic  alkali  solutions  in  a pan,  no  salting  out  being 
required.  Hence  the  resulting  product,  after  being  properly 
“ fitted,”  can  be  run  straightway  from  the  boiling-pan  into  the  vessels 
in  which  the  soap  is  sold. 

The  method  of  manufacturing  “genuine”  commercial  soft  soap 
for  household  purposes  differs,  however,  essentially  from  that  em- 
ployed in  the  manufacture  of  hard  soap,  in  that  the  presence  of 
potassium  carbonate  is  required  so  as  to  produce  a soap  of  clear 
translucent  appearance  which  possesses  the  desired  consistence  for 
handling. 

Before  the  production  of  caustic  potash  had  reached  its  present 
state  of  perfection — in  other  words,  before  it  was  possible  to 
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obtain  a pure  caustic  potash — the  soap-maker  prepared  his  potash 
lyes  by  treating  wood  ashes  (or,  later  on,  pearl-ash)  with  lime,  leaving 
so  much  of  the  potassium  carbonate  undecomposed  as  prolonged 
experience  had  shown  him  to  be  required,  and  to  be  most  suitable, 
for  the  obtainment  of  a properly  fitted  potash  soap.  As  potassium 
carbonate  is  only  required  for  the  “fitting”  operation,  the  best  practice 
is  to  carry  out  the  saponification  of  the  glycerides  by  means  of  caustic 
potash  of  known  strength  and  to  add  the  potassium  carbonate 
required  in  the  course  of  saponification  or  at  the  finishing  operation. 

The  following  two  tables,  giving  the  amounts  required  theoreti- 
cally for  the  saponification  of  glycerides,  have  been  calculated  by  the 
author  for  use  in  practice  (cp.  p.  253) : — 


Caustic  Potash  Solutions  required  to  saponify  Fats  of  Mean  Molecular 
Weight  670  ( Cocoa  Nut  Oil , Palm  Kernel  Oil)  [ Lewkowitsch ] 


Weight  of 

Gallons  of  Solution  of  Caustic  Potash. 

Fat  in 

Tons. 

20°  Twaddell  = 

40°  Twaddell  = 

60°  T waddell  = 

71°  Twaddell  = 

S.  G.  1-1. 

S.  G.  1-2. 

S.  G.  1-3. 

S.  G.  1-355. 

•05 

21-31 

10-42 

6-97 

5-80 

•1 

42-63 

20-84 

13-95 

11-60 

•15 

63-94 

31-26 

20-92 

17-40 

•2 

85-25 

41-68 

27-90 

23-21 

•25 

106-57 

52T0 

34-87 

29-01 

•3 

127-88 

62-52 

41-85 

34-81 

•35 

149T9 

72-94 

48-82 

40-61 

•4 

170-51 

83-36 

55-79 

46-41 

•45 

191-82 

93-78 

62-77 

52-21 

•5 

213-13 

104-20 

69-74 

58-01 

•55 

234-45 

114-62 

7672 

63-81 

•6 

255-76 

125-04 

83-69 

69*62 

•65 

277-07 

135-46 

90-67 

75-42 

•7 

298-39 

145-88 

97*64 

81-22 

•75 

31970 

156-30 

104-61 

87-02 

•8 

341-01 

166-72 

111-59 

92-82 

•85 

362-33 

177-14 

118-56 

98-62 

•9 

383-64 

187-56 

125-54 

104-42 

•95 

404-95 

197-98 

132-51 

110  22 

1-0 

426-27 

208-40 

139-49 

116-03 

2-0 

852-54 

416-80 

278-97 

232  05 

3-0 

1278-80 

625-19 

418-46 

348-08 

4-0 

1705-07 

833-59 

557-94 

464-10 

5-0 

2131-34 

1041-99 

697-43 

580-13 

6-0 

2557-61 

1250-39 

836-92 

696-16 

7-0 

2983-88 

1458-79 

976-40 

812-18 

8*0 

3410-14 

1667*18 

1115-89 

928-21 

9-0 

3836-41 

1875-58 

1255-37 

1044-23 

10-0 

4262-68 

2083-98 

1394-86 

1160-26 

[Table 
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Caustic  Potash  Solutions  required  to  saponify  Fats  of  Mean  Molecular 
TV eight  860  ( Tallow , Cotton  Seed  Oily  Olive  Oil , etc.)  [ Lewkowitsch ] 


Weight  of 
Fat  in 
Tons. 

Gallons  of  Solution. 

20°  Twaddell  = 
S.  G.  1-1. 

40°  Twaddell= 
S.  G.  1-2. 

60°  Twaddell  = 
S.  G.  1-3. 

71°  Twaddell  = 
S.  G.  1*355. 

•05 

16-60 

8-12 

5-43 

4-52 

•1 

33-21 

16-24 

10-87 

9-04 

•15 

49-81 

24*35 

16-30 

13-56 

•2 

66-42 

32-47 

21-73 

18-08 

•25 

83-02 

40-59 

27-17 

22-60 

•3 

99-63 

48-71 

32-60 

27*12 

•35 

116-23 

56-82 

38-03 

31-64 

•4 

132*84 

64-94 

43-47 

36-16 

•45 

149-44 

73-06 

48-90 

40-68 

•5 

166*05 

81-18 

54-33 

45-20 

•55 

182-65 

89-30 

59-77 

49-72 

•6 

199-26 

97-41 

65-20 

54-24 

•65 

215-86 

105-53 

70-63 

58-75 

•7 

232-47 

113-65 

76-07 

63-27 

•75 

249-07 

121-77 

81-50 

67-79 

•8 

265-67 

129-88 

86-94 

72-31 

•85 

282-28 

138-00 

92-37 

76-83 

•9 

298-88 

146-12 

97-80 

81-35 

•95 

315-49 

154-24 

103-24 

85-87 

1-0 

332-09 

162-36 

108-67 

90-39 

2 0 

664-19 

324-71 

217-34 

180-78 

3-0 

996-28 

487-07 

326-01 

271-18 

4-0 

1328-37 

649-42 

434-68 

361-57 

5-0 

1660-47 

811-78 

543-35 

451-96 

6-0 

1992-56 

974-14 

652-01 

542-35 

7-0 

2324-65 

1136-49 

760-68 

632-74 

8*0 

2656-74  . 

1298-85 

869-35 

732-14 

9-0 

2988-84 

1461-20 

987-02 

813-53 

10-0 

3320-93 

1623-56 

1086-69 

903-92 

Soft  soap  used  to  be  made  in  fire-heated  pans ; but  during  the 
last  two  decades  these  have  been  replaced  in  modern  works  by  pans 
similar  to  those  used  in  the  manufacture  of  hard  soap,  but  fitted 
with  a “close”  steam  coil  in  addition  to  an  open  steam  coil  or  coils. 

The  fatty  raw  material  (see  p.  248),  which  for  the  best  soap 
consists  chiefly  or  preponderantly  of  linseed  oil,  is  introduced  into 
the  soap -pan  and  churned  up  with  steam,  when  a caustic  potash 
solution  of  about  20°  Twaddell  is  run  in.  Whilst  the  saponification 
proceeds,  lyes  of  higher  strength  can  be  used.  When  all  the  glycer- 
ides have  been  converted  into  soap,  and  the  latter  is  just  slightly 
alkaline,  potassium  carbonate  solution  is  introduced.  The  soap  will 
then  contain  an  excess  of  water ; this  is  removed  by  turning  off  the 
open  steam  and  heating  the  mass  with  the  aid  of  the  dry  steam  coil. 
At  the  same  time  the  mass  is  agitated  by  a suitable  mechanical 
arrangement  so  as  to  promote  the  rapid  evaporation  of  excess  of  water. 
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By  taking  samples  and  examining  their  appearance  and  consistence 
on  a glass  plate,  the  operator  is  able  to  judge  exactly  the  point  at 
which  the  soap  is  “finished.”  The  mass  then  represents  practically 
a mixture  of  potassium  salts  of  fatty  acids  with  a solution  containing 
all  the  glycerin  from  the  fats,  a slight  excess  of  caustic  potash,  and  a 
certain  amount  of  potassium  carbonate.  The  two  component  parts  of 
this  mixture  are  so  carefully  balanced  that,  on  cooling,  a homogeneous 
mass  is  obtained  which  retains  its  transparency.  If  the  soap  is 
made  from  linseed  oil  only,  the  transparency  will  be  retained  even 
in  winter,  and  the  soap  will  not  “ congeal  ” ; but  if  the  soap  stock 
contains  notable  amounts  of  cotton  seed  oil,  or  even  maize  oil,  and 
frost  sets  in,  then  the  soap  is  liable  to  become  dull  (“blind”).  Hence  the 
choice  of  raw  material  is  conditioned  by  the  seasons.  If  some  tallow 
is  used  in  the  stock,  the  harder  potassium  stearate  or  palmitate,  or  a 
mixture  of  both,  crystallises  out  in  star-like  clusters,  producing  what  is 
known  in  commerce  as  “ figging  ” (cp.  above,  p.  263).  The  same  effect 
can  also  be  produced  by  replacing  a portion  of  the  caustic  potash  by 
its  equivalent  of  caustic  soda.1  By  collating  the  tables  given  on 
pp.  253  and  254  with  those  given  on  pp.  278  and  279,  the  equivalent 
amounts  can  be  easily  found.  The  more  soda  used,  the  more  is  the 
soft  soap  apt  to  lose  its  transparency.  This  holds  especially  good  of 
that  white  soft  soap,  known  in  Germany  as  “ silver  soap,”  which  is 
chiefly  made  from  cotton  seed  oil. 

In  the  soft  soaps  prepared  in  the  manner  described  above  all  the 
glycerin  is  retained,  and,  as  has  been  pointed  out  already,  a certain 
excess  of  caustic  potash  and  notably  of  potassium  carbonate  is 
necessary  in  order  to  give  the  soap  the  inviting  appearance  which  the 
public  demands. 

By  operating  carefully,  potash  soaps  can  be  made  which  are 
devoid  of  free  alkali  and  potassium  carbonate.  Such  soaps  are, 
however,  only  manufactured  for  the  purposes  of  the  textile  industry 
(see  below),  when  absence  of  free  alkali  or  of  carbonate  is  essential, 
and  the  appearance  of  the  soap  is  of  no  importance.  In  this  case  it 
is  indispensable  to  work  with  pure  caustic  potash,  as  all  impurities, 
such  as  sulphates,  chlorides,  and  carbonates,  pass  into  the  finished 
soap. 

Solutions  of  soft  soap  are  known  in  commerce  under  the  name 
liquid  soaps.  Those  used  in  surgical  and  in  pharmaceutical  practice, 
as  also  those  intended  for  cosmetic  (toilet)  purposes,  are  mainly 
alcoholic  solutions  containing  certain  proportions  of  glycerin.  The 
first-mentioned  soaps  may  contain  medicaments  and  antiseptic  sub- 
stances.2 In  most  of  these  liquid  soaps  neutrality  would  appear  a 
desideratum.  This  can  be  easily  fulfilled  by  careful  working,  and  it 
would  appear  unnecessary  to  prepare  these  soaps  from  fatty  acids  or 

1 It  should  be  noted  that  as  soda  soaps  are  unable  to  retain  as  much  water  as 
potash  soaps  do,  substitution  of  caustic  soda  for  caustic  potash  somewhat  reduces  the 
yield  of  240  parts  of  soft  soap  from  100  parts  of  glycerides. 

2 Thus  liquid  “sulphur  ” soap  is  made  by  passing  a current  of  sulphuretted  hydrogen 
into  an  alcoholic  solution  of  soft  soap  (Sarason,  German  patent  191,900).  Cp.  Schmatolla, 
German  patent  197,226  ; K.  Lendrich,  United  States  patent  895,477. 
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rosin  acids.  For  disinfecting  purposes,  aqueous  solutions  of  soft  soap 
are  sold  under  a large  variety  of  fancy  names.  They  contain  tar  oils 
in  such  proportions  that  the  solutions  can  be  diluted  with  a certain 
amount  of  water  without  becoming  turbid  through  the  separation  of 
the  neutral  tar  oils  (cp.  also  “ Emulsified  Oils  ”). 

Potash  soaps  contain  much  larger  quantities  of  water  than  do 
hard  soaps.  Genuine  soft  soaps  made  in  the  pan  retain  so  much 
water  that  100  parts  of  neutral  glycerides  yield  240  parts  of  com- 
mercial potash  soap. 

From  these  data  the  theoretical  composition  of  a genuine  soft  soap 
can  be  calculated. 

Suppose  a fat  of  the  mean  molecular  weight  860  has  been 
saponified.  Its  saponification  value  is  approximately  195,  or,  in 
other  words,  it  requires  19*5  per  cent  of  KOH  ( = 16*42  per  cent  of 
K20)  for  saponification. 

The  240  parts  of  potash  soap  obtained  from  100  parts  of  such  fat 
contain,  of  course,  16*42  parts  of  K20 ; therefore  we  have  in  the  soap 
6*843  per  cent  of  K20  [240  : 16*42  : : 100  : x\ 

As  the  mean  molecular  weight  of  the  fatty  acids  is  approxi- 
mately 275,  the  corresponding  figure  for  the  fatty  anhydrides  is 
275  - 9 = 266.  Since  47*1  parts  of  potassium  oxide  combine  with 
266  parts  of  fatty  anhydrides,  we  have  in  the  soap  38*7  per  cent  of 
fatty  anhydrides  [47*1  : 266  : : 6*843  : x\  The  remainder  consists  of 
glycerol  and  water,  potassium  carbonate,  and  excess  of  caustic  alkali, 
if  any. 

The  composition  of  a genuine  potash  soap  should,  therefore, 
theoretically  be — 

. Per  cent. 

Fatty  anhydrides  . . . . . 38*700 

Combined  potassium  oxide,  K20  . . . 6*843 

Glycerol,  water,  and  potassium  carbonate  . . 54*457 

100*000 

Rosin  is  used  for  cheaper  kinds  of  soft  soap,  just  as  in  the  case  of 
hard  soaps.  For  the  reasons  stated  above  (p.  248),  soft  soaps  made 
with  rosin  as  part  of  the  stock,  and  intended  for  household  purposes, 
are  still  looked  upon  as  genuine. 

In  the  manufacture  of  soft  soaps  for  textile  purposes  rosin  must  be 
avoided ; and  the  presence  of  rosin  in  such  a soft  soap  must  be  con- 
sidered as  distinctly  lowering  its  value,  or  even  as  constituting 
adulteration. 

Soft  soaps,  like  hard  soaps,  are  also  “filled”  (“thinned  out”) 
with  solutions  of  potassium  silicate,  potassium  carbonate,  potassium 
chloride,  Carragheen  moss  decoctions,  starch,  and  potato  flour.  The 
last  two  substances  are  largely  used  for  the  adulteration  of  opaque 
(white)  soft  soaps  made  on  the  Continent,  especially  the  German 
“ silver  soap,”  in  order  to  “ increase  the  yield.” 
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In  the  best  soft  soaps  all  the  glycerin  is  retained,  and  its  presence 
helps  to  impart  to  the  soap  the  desired  transparency.  The  endeavour 
to  recover  this  glycerin  has  led  to  the  production  of  soft  soap  from 
fatty  acids  (oleic  acid)  and  from  “ soap  stock  fatty  acids.” 

Oleic  acid  lends  itself  best  for  the  making  of  neutral  soaps 
for  manufacturers’  purposes,  as  it  is  easy  to  prepare  a completely 
neutral  soap  by  bringing  together  a known  quantity  of  oleic  acid 
with  the  exactly  required  quantity  of  a solution  of  pure  caustic  potash. 
It  has,  however,  been  found  by  experience  that  these  soaps  do  not 
impart  to  the  woollen  fibre  the  same  lustre  and  “feel”  which  a 
soft  soap  containing  all  the  glycerin  from  the  natural  fats  is  able 
to  give. 

With  the  introduction  of  the  “ soap  stock  fatty  acids  ” the  pro- 
duction of  soft  soaps  from  these  materials  has  gained  ground,  notably 
on  the  Continent.  But  the  same  strictures  which  have  been  made 
above  with  regard  to  hard  soap  made  from  such  material  may  be 
repeated  also  in  this  case.  High-class  soft  soaps  such  as  are  in 
demand  in  this  country  cannot  be  obtained  with  soap  stock  fatty  acids. 
It  need  therefore  only  be  pointed  out  briefly  that,  whereas  the  fatty 
acids  obtained  by  the  Twitchell  process  are  entirely  unsuitable  for 
soft  soap,  those  made  by  the  autoclave  process  can  only  be  used  for 
the  inferior  qualities.  Slightly  better  than  the  soap  stock  fatty  acids 
prepared  by  the  autoclave  process  is  the  soap  stock  material  obtained 
by  the  ferment  process.  It  should,  however,  be  emphasised  that 
such  soaps  are  inferior  to  those  made  from  glycerides.  As  the  price 
of  potassium  carbonate  is  almost  the  same  as  that  of  caustic  potash, 
or  slightly  higher,  it  would  be  unremunerative  to  neutralise  the 
free  fatty  acids  in  the  soap  stock  fatty  acids  with  carbonate,  as  is 
done  in  the  case  of  hard  soaps  made  from  this  material  (see  above, 
p.  266).  There  is,  therefore,  no  inducement  to  use  potassium  carbonate 
in  place  of  caustic  potash. 

The  process  of  making  soft  soap  by  double  decomposition  has  been 
patented  (see  above,  p.  270),  but  it  is  very  unlikely  that  the  manu- 
facture of  soft  soaps  by  this  process  will  ever  be  attempted. 


Commercial  Varieties  of  Soap 

In  order  to  suit  various  purposes,  the  variety  of  soaps  that  are 
being  made  is  exceedingly  great. 

By  far  the  largest  quantities  of  soap  are  used  for  laundry,  toilet, 
and  other  household  purposes. 

The  most  suitable  soaps  for  laundries  are  either  genuine  mottled 
or  “ settled  ” tallow-rosin  soaps.  The  best  class  of  toilet  soaps  contain, 
as  a rule,  80  per  cent  of  fatty  acids ; but  it  must  be  understood  that 
there  are  all  varieties  in  commerce,  down  to  the  cheap  transparent 
toilet  soaps,  which  contain  even  less  than  40  per  cent  of  fatty  acids. 
As  pointed  out  already,  medicaments,  etc.,  are  frequently  incorporated 
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with  soap  in  the  milling  machine,  and  thus  an  enormous  variety 
of  medicated  soaps,  or  soaps  containing  plant  extracts,  disinfectants, 
etc.,  are  made. 

For  household  purposes  all  qualities  are  made,  from  genuine  soap 
containing  63  per  cent  of  fatty  acids  down  through  all  gradations  of 
carbonated,  silieated,  “filled,”  “run”  soaps  to  “scouring”  soaps 
which  may  contain  only  10  per  cent  of  fatty  acids. 

Special  objects  are  served  by  floating  soaps,  made  by  incorporating 
air  with  soaps  whilst  still  in  the  pasty  state ; disinfecting  soaps, 
containing  carbolic  acid,  formaldehyde,  etc. ; sand  soaps,  which  are 
made  chiefly  from  finely  ground  silica  or  infusorial  earth,  by  mixing 
it  with  hard  soap  (and  sometimes  with  soda),  so  as  to  allow  the  mass 
to  be  shaped  and  handled  like  a soap  cake. 

During  the  last  decade  shredded  soaps,  made  from  genuine  soap,  and 
ground  soap , also  made  from  genuine  soap,  have  come  into  vogue.  These 
soaps  may  be  considered  as  representing  the  best  class  of  dry  soaps.1 
Usually,  however,  under  the  name  of  dry  soaps  are  understood  those 
washing  powders  and  soap  powders  which  are  prepared  by  grinding 
together  hard  soaps  with  sodium  carbonate.  On  account  of  their 
handiness,  and  even  economy,  these  soaps  have  come  into  extensive 
use,  and  are  therefore  manufactured  in  increasing  quantities.  They 
are  made  by  preparing  a genuine  soap,  and  grinding  this  under  edge- 
runners  together  with  soda  crystals  or  soda  ash  and  a suitable 
proportion  of  water  or  soap  solutions,  made  by  boiling  “ oleine  ” 
with  caustic  soda  solution.  The  ground  mass  is  then  reduced  to 
powder  in  a disintegrator.  The  amount  of  real  soap  varies  con- 
siderably. In  the  United  States  cotton  seed  soap  stock  is  largely  used 
for  making  such  washing  powders,  but  these  are  much  inferior  in  quality 
to  soaps  made  from  better  material,  such  as  palm  oil.  (It  should  be 
pointed  out  that  dry  soap  dust  is  liable  to  cause  explosions.2) 
Frequently  inert  matter  such  as  sodium  sulphate,  kieselguhr,  etc.,  is 
incorporated  with  the  soap  powder. 

Very  considerable  quantities  of  soap  are  used  in  the  textile 
industries,  notably  in  the  silk,  woollen,  and  cotton  industries. 
These  soaps,  known  as  textile  soaps,  form,  as  it  were,  a special 
group,  and  require  therefore  brief  consideration. 

In  the  silk  industry  the  soap  used  for  degumming  the  raw  silk 
fibre  is  mostly  made  from  olive  oil  or  (chiefly  in  America)  from 
lard  oil.  The  soaps  intended  for  this  industry  are  required  to  be 
as  free  from  uncombined  alkali  as  possible,  as  it  is  said  that  even  the 
smallest  amount  is  apt  to  damage  the  “ feel  ” and  lustre  of  the  silk. 

1 For  the  manufacture  of  a dry  soap  in  form  of  powder,  by  blowing  hot  soap  under 
pressure  into  a chamber,  wherein  it  settles  out  as  a fine  powder,  cp.  0.  Lindemann, 
English  patent  25,276,  1907,  aud  Gebr.  Korting,  German  patent  203,193.  The  prepara- 
tion of  finely  divided  soap  by  pouring  soap  in  a liquid  condition  into  brine  is  claimed  by 
A.  H.  Finlay  (English  patent  12,849,  1907).  With  regard  to  a machine  for  the  mechanical 
preparation  of  finely  divided  soap,  cp.  German  patent  200,264  (Wecker  and  Buhler)  ; 
United  States  patent  900,967  (W.  Tillson). 

2 Cp.  S.  F.  Peckham,  Journ.  Soc.  Chem.  Ind.  1907,  244. 
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Nevertheless,  silk  manufacturers  add  a small  amount  of  potassium 
carbonate  to  the  soap  bath.  For  washing  finished  silk  goods  it 
is  advantageous  to  have  an  easily  soluble  soap.  Olive  oil  soda 
soap,  and  especially  oleic  acid  soda  soap,  are  in  vogue  for  this 
purpose. 

In  the  woollen  industries 1 soap  is  used  (a)  for  scouring  raw  wool,  ( b ) 
for  scouring  spun  yarn,  and  (c)  for  scouring  the  woven  woollen  fabric. 

(a)  Soap  intended  for  scouring  raw  wool  should  not  contain  free 
caustic  alkali,  as  free  alkali  acts  injuriously  on  the  wool,  destroying 
its  surface  by  pitting  the  scales  and  taking  away  its  lustre.  Some 
wool-washing  establishments  wash,  therefore,  with  dilute  ammonia 
solutions  or  with  ammonia  soaps.  If  the  raw  wool  is  of  inferior 
quality,  no  objection  is  taken  to  a small  amount  of  alkaline  carbonate. 

Potash  soap  is  preferable  to  soda  soap,  cceteris  paribus.  Unsaponi- 
fied fat,  unsaponifiable  matter,  rosin,  silicate,  and  “ fillers  ” should  be 
absent.  “ Secret  powders  ” consist  largely  of  sodium  carbonate  and 
inert  substances  with  a minimum  of  palm  oil  soap  or  even  cotton 
seed  oil  soap.2 

( b ) Soaps  for  scouring  spun  yarn  should  also  be  neutral.  For  the 
best  class  of  goods  the  soap  is  made  from  sulphur  olive  oil  (see  Yol.  II.), 
but  genuine  mottled  soaps  (see  above)  are  very  largely  employed, 
as  they  can  be  made  to  contain  but  a small  quantity  of  free  caustic 
soda.  Rosin  and  (or)  cotton  seed  oil  should  not  be  used  for  these 
soaps,  nor  should  silicate,  etc.,  be  employed. 

(c)  Soaps  for  scouring , “ fulling,”  “ milling  ” the  woven  woollen  fabric 
for  best-class  goods  should  be  devoid  of  free  alkali.  For  the  first 
two  purposes,  cceteris  paribus , potash  soap  is  preferable  to  soda  soap. 
This  should  be  made  from  pure  olive  oil  or  tallow.  To  the  latter 
some  cocoa  nut  oil  is  usually  admixed. 

For  the  scouring  of  low- class  goods,  such  as  union  goods  for 
which  mungo  and  shoddy  are  used,  strongly  alkaline  soaps  are 
demanded  by  manufacturers,  and  a certain  amount  of  free  caustic 
alkali  and  alkaline  carbonates  is  allowed.  Silicate  and  rosin  should, 
however,  be  absent ; neither  should  the  soap  contain  unsaponified  fat 
nor  unsaponifiable  substances. 

In  the  cotton  industry  soap  serves  for  removing  “ stiffening,”  and 
is  used  in  the  printing  for  washing  the  dyed  or  printed  fabric.  Soaps 
for  the  use  of  calico  printers  are  mostly  made  from  olive  oil  or  palm 
oil.  They  should  not  contain  maize  oil,  cotton  seed  oil,  or  rosin ; 
neither  should  they  contain  free  alkali,  as  this  acts  injuriously  on  the 
colour  of  the  printed  calico. 

The  textile  soaps  described  above  are  (or  should  be)  genuine  soaps, 
unless  filling  with  sodium  carbonate  and  silicate  is  allowed.  As 
special  textile  soaps  may  be  mentioned  : — 

1 Cp.  Lewkowitsch,  Journ.  Soc.  Dyers  and  Colourists,  1894,  42  ; Journ.  Soc.  Chem. 
Did.  1894,  258.  Cp.  also  Massot,  Zeit.f.  angew.  Chem.  1906,  233. 

'2  Cotton  seed  oil  should  be  avoided  in  the  making  of  textile  soaps.  Nevertheless, 
large  quantities  of  cotton  seed  soap  stock  are  shipped  from  the  United  States  to  this 
country  and  are  used  for  scouring  inferior  goods  (see  Chap.  XVT.). 
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Softening , “ Cotton  Softener.” — These  soaps  are  used  in  the 
cotton  industry,  and  consist  of  a salve-like  emulsion  made  by  incor- 
porating large  quantities  of  water  with  genuine  soap.  “ Softening  ” 
is,  as  a rule,  made  from  cocoa  nut  oil  or  from  tallow,  and  “run 
down”  with  water  to  contain  even  as  little  as  20  per  cent  of  fatty 
acids.  This  soap  is  frequently  “ filled  ” with  starch.  In  some 
“ softenings  ” potash  soap  is  substituted  for  soda  soap.1  In  the 
United  States  “softening”  is  frequently  made  from  maize  oil  and 
cotton  seed  oil. 

Soap  Emulsions. — These  are  prepared  by  partially  neutralising 
Turkey-red  oil  with  caustic  alkali.2  A solution  of  soap  in  carbon 
tetrachloride  3 belongs  to  this  group. 

Dry  Cleaning  Soaps — Benzine  Soaps. — These  soaps  are  made  from 
potash  soaps,  containing  only  small  quantities  of  soda  soap,  or 
from  oleic  acid  and  ammonia  and  petroleum  naphtha,  or  even 
burning  oil.  Commercial  specimens  of  such  soaps  examined  in  the 
author’s  laboratory  contained  approximately  30  per  cent  of  hydro- 
carbons. The  soaps  form  a gelatinous  mass,  and  are  specially  used 
in  the  “ dry  cleaning  ” trade.4 

The  facility  with  which  foreign  substances  can  be  incorporated 
with,  and  are  retained  by,  solidified,  jellified,  or  liquid  soap  has 
led  to  the  production  of  an  enormous  amount  of  all  kinds  of  “ special  ” 
soaps  for  each  of  which  some  valuable  property  (real  or  supposed)  is 
claimed.  It  is  quite  impossible  to  give  a classification  of  these,  and 
it  must,  therefore,  be  left  to  the  analyst  to  decide,  in  each  individual 
case,  whether  a soap  containing  foreign  substances  must  be  considered 
to  be  an  adulterated  soap  or  not.  Thus  a soap  sold  as  a sand  soap  is  not 
adulterated  soap.  Nor  would  a soap  containing  naphtha,  or  petroleum, 
or  tar  oils,  or  sulphur,  or  peroxides,5  or  perborates  6 fall  under  this  head, 
if  sold  as  naphtha  soap,  petroleum  soap , tar  soap , or  sulphur,  etc.,  soaps.7 
It  should,  however,  be  pointed  out  that,  as  a rule,  these  substances  are 
very  frequently  accompanied  by  loading  materials  (especially  sodium 
silicate  solutions).  In  this  connection  it  may  be  mentioned  that 
under  the  name  of  “ American  soap  stock  ” there  is  sold  a heavy 
mineral  oil,  mixed  with  soap  and  in  some  cases  even  with  “ oleine.” 

Attempts  are  being  made  at  present  to  make  soap  with  the  aid 

1 Cp.  F.  C.  Burnham,  Journ.  Soc.  Chem.  Ind.  1906. 

2 Cp.  L.  E.  Common  and  Hull  Oil  Manufacturing  Company,  English  patents  23,768, 
1906  ; 16,969,  1907  ; cp.  also  C.  H.  Meyer,  German  patent  197,400  (cp.  p.  161). 

3 Stockhausen,  German  patent  169,930;  cp.  Chem.  Zeit.  1908,  935;  Armstrong, 
English  patents  16,406,  1905  ; 21,280,  1908. 

4 Cp.  German  patent  92,017.  For  an  adulterated  soap  of  this  class  cp.  English  patent 
1292,  1905  ; cp.  also  Kruger,  Farber-Zeitung,  1902,  289  ; Chem.  Zeit.  1908,  935. 

5 See  Vol.  II.  Chap.  XIII.  p.  31  ; cp.  also  German  patent  157,737  (zinc  peroxide)  ; 
English  patent  19,809,  1905  ; French  patent  392,955  (Beiersdorf  and  Company)  ; and 
English  patent  16,823,  1908  (Wolffenstein). 

6 Giessler  and  Bauer,  German  patent  149,335. 

7 To  this  class  would  belong  soaps  containing  sodium  sulphide,  Chem.  Werke  in 
Freiburg  i.  B,  French  patent  341,159  ; English  patent  18,152,  1904  ; German  patent 
189,873.  Such  soaps  are  specially  made  for  the  use  of  workmen  in  white  lead  works. 
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of  naphthenic  acids , which  are  recovered  in  the  Russian  oil  industry 
from  the  “ soda  tar  ” obtained  in  the  refining  of  petroleum  fractions. 
As  naphthenic  acids  alone  yield  a viscous  or  even  liquid  soap, 
they  are  sold  as  a “ substitute  ” for  fatty  material  under  fancy  names 
such  as  “ saponaphtha  they  are  stated  to  be  used  to  some  extent 
in  the  manufacture  of  low-class  Russian  soaps.1  The  presence  of 
naphthenic  acids  in  a soap,  unless  declared,  would,  therefore,  have 
to  be  looked  upon  as  adulteration.2  Their  presence  in  a soap 
would  betray  itself  by  an  extremely  unpleasant  smell  of  petroleum,  by 
the  deep  green  colour  of  their  copper  salts,  and  by  their  low  molecu- 
lar weights,  viz.  about  215  (the  theoretical  number  for  C13H9402  is 
212). 

The  following  is  an  analysis,  due  to  Charitschlcofff  of  a soap 
made  from  naphthenic  acids,  and  sold  as  a “disinfectant”  soap  or 


“ mineral  ” soap  : — 

Naphthenic  acids  ..... 

27*3  per  cent. 

Total  alkali  ...... 

18*3 

Sodium  carbonate  ..... 

1*22 

Water3  . . . . . 

48-5 

Impurities  ...... 

4*4 

Another  analysis 4 of  naphthenic  soap  (sold 
the  following  results  : — 

as  “ Miloin  ”) 

Naphthenic  acids  ..... 

50*96  per  cent. 

Total  alkali,  as  NaOH  .... 

13*98  ,, 

Combined  alkali,  as  NaOH 

9-30 

Free  sodium  hydrate  .... 

1*85  „ 

Sodium  carbonate  ..... 

3*74 

Naphthenic  soda  soap,  anhydrous  . 

56*07 

Neutralisation  value  of  the  naphthenic  acids 

255 

Mean  molecular  weight  .... 

219 

Valuation  and  Analysis  of  Soap 

In  the  foregoing  lines  the  order  of  enumeration  and  classification 
of  soaps  within  the  two  sections  is  chiefly  based  on  the  proportion 
of  fatty  acids  which  they  contain.  Hence  in  the  valuation  of  soap, 
chemical  analysis  must  play  a prominent  part,  inasmuch  as  only 
thereby  is  it  possible  to  ascertain  the  percentage  of  real  soap,  the 
amount  of  other  constituents,  and  the  presence  of  foreign  substances. 
Whilst  chemical  analysis  will  thus  be  resorted  to  in  the  first  instance, 
it  must  not  be  forgotten  that  a host  of  other  factors,  such  as  appear- 
ance, consistence,  lathering  properties,  etc.,  play  an  important  part  in 

1 Cp.  E.  Pyhala,  Petroleum , 1908,  571  ; 1313. 

2 H.  Breda,  English  patent  19,447,  1906  ; German  patent  179,564. 

3 Chevi.  Zeit.  1907,  Rep.  226.  The  original  states:  28 ’48  per  cent  of  water;  this 
must  be  due  to  a printer’s  error. 

4 Chevi.  Zeit.  1908,  Rep.  610  ; cp.  also  Schwarz  and  Marcusson,  Chem.  Revue , 
1908,  165. 
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enabling  one  to  arrive  at  a definite  opinion  as  to  the  value  of  a soap. 
Not  every  soap  is  suitable  for  a given  purpose,  and  much  depends, 
cceteris  paribus , on  the  nature  of  the  fat  stock  which  has  been 
employed. 

Hillyer 1 proposed  to  value  a soap  by  determining  the  emulsifying 
power  of  the  soap  solution,  on  the  assumption  that  this  might  form  a 
measure  of  the  cleansing  power.  As  Hillyer  himself  agrees  that  this 
test  in  the  form  described  by  him  does  not  supply  an  exact  measure, 
the  reader  must  be  referred  to  the  original  paper.  Tests  of  this  kind 
would  only  have  practical  importance  for  establishments  using  large 
quantities  of  soap,  such  as  laundries,  woollen  mills,  etc.  In  these 
establishments  the  value  of  a given  soap  is  ascertained  by  practical 
tests,  the  quantity  of  soap  required  to  do  a certain  amount  of  work 
being  actually  determined  on  a large  scale. 

In  the  following  lines  I describe  the  most  reliable  chemical 
methods  (leaving  out  a number  of  proposed  processes)  applicable  in 
the  examination  and  valuation  of  commercial  soaps.  No  attempt  is 
made  to  indicate  a complete  course  of  analysis  embracing  the  search 
for  all  substances  that  may  possibly  be  present,  as  such  a course 
would  be  of  little  practical  use. 


Sampling  of  Soap 

Great  care  must  be  exercised  in  sampling  soap  in  order  to  avoid 
serious  errors  in  the  determination  of  water.  On  exposure  to  the 
air,  soap  dries  on  the  surface,  and  once  a “ skin  ” is  formed  the  outer 
portions  of  a cake  protect  to  some  extent  the  inner  portions  from  loss  of 
water  by  evaporation.  In  the  case  of  hard  soap,  the  sample  for 
analysis  should  therefore  be  taken  from  the  centre  of  the  cake  by 
cutting  away  all  the  outer  portions ; to  what  extent  this  must  be 
done  will  be  gathered  by  inspecting  a transverse  section,  this  showing 
to  what  depth  drying  has  taken  place.  Such  devices  as  taking  a 
sample  by  means  of  a cork-borer,  or  by  cutting  a transverse  slice  from 
a cake,  in  order  to  obtain  an  “ average  ” sample,  lead  to  erroneous 
results.  If  the  sample  under  examination  be  a freshly  made  soap 
(containing  about  30  per  cent  of  water),  a fairly  large  portion  should 
be  weighed  off  rapidly,  as  the  soap  is  apt  to  give  up  perceptible 
quantities  of  moisture  to  the  dry  atmosphere  of  the  balance  case. 
For  the  same  reason  the  sample  should  not  be  sliced  before  weighing, 
except  perhaps  in  the  case  of  a milled  toilet  soap  or  of  a thoroughly 
dried-out  soap.  The  well-known  contrivances  for  preventing  loss  of 
moisture  during  weighing  must  be  resorted  to,  if  highly-watered  soaps 
be  under  examination. 

Similar  precautions  must  be  taken  in  the  case  of  soft  soap.  If  a 
keg  of  potash  soap  is  to  be  examined,  the  sample  must  be  taken  from 
the  centre. 

1 Journ.  Amer.  Chem.  Soc.  1903,  1256.  Cp.  E.  G.  Doiman,  Zeit.  f.  physik.  Chem. 
1899  (31),  42  ; cp.  also  Bein,  Chem.  Zeit.  1908,  236. 


288  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  ch. 


(a)  Determination  of  Fatty  Matter  and  of  Total  Alkali 

The  following  is  a rapid  and,  for  the  purposes  of  commercial 
analysis,  sufficiently  accurate  process  : — 

Weigh  off  accurately  5 to  10  grms.  of  the  sample  (or  50  grms.  on 
a balance  sensitive  to  centigrammes),  and  dissolve  in  hot  water  in  a 
beaker  or  porcelain  basin  by  heating  gently ; stir  continually  with  a 
glass  rod  so  as  to  prevent  the  soap  from  caking  on  to  the  bottom  of 
the  vessel.  Add  a few  drops  of  methylorange,  and  run  in  gradually 
hydrochloric,  or  dilute  sulphuric  acid  (or  dilute  nitric  acid  if  chlorides 
and  sulphates  are  to  be  determined),  until  there  is  an  excess  of  mineral 
acid.  Heat  with  constant  stirring,  until  the  separated  fatty  acids 
have  melted  into  oily  drops ; add  about  5 grms.  (or  20  grms.  for  50 
grms.  of  soap)  of  dry  beeswax,  or  paraffin  wax,1  weighed  accurately 
on  a tared  watch-glass  (which  is  used  afterwards  for  weighing  the 
fatty  matter),  and  heat  again  until  the  mixture  of  fatty  matter  and 
wax  has  collected  on  the  top  of  the  liquid  as  a clear,  transparent  oily 
layer,  free  from  specks.  Rinse  off  the  glass  rod  with  boiling  water, 
heat  until  the  fatty  matter  has  again  collected  into  one  mass,  remove 
the  vessel  from  the  source  of  heat,  and  allow  to  solidify  by  cooling. 
A white  precipitate  on  the  bottom  of  the  beaker  will  indicate  the 
presence  of  silicate  or  of  “ fillings  ” insoluble  in  mineral  acids. 

The  solidified  cake  is  then  detached  from  the  vessel  by  means  of 
a platinum  spatula,  lifted  out  of  the  liquid,  rinsed  off  with  cold 
water,  and  placed  on  filter  paper.  Any  small  quantity  of  fatty 
substance  adhering  to  the  sides  of  the  vessel  is  carefully  scraped  off 
and  added  to  the  cake.  Dry  the  cake  (by  touching  lightly  with 
filter  paper),  place  it  on  the  watch-glass  used  before,  bottom  side 
upwards,  allow  to  dry  in  a desiccator,  and  weigh.  (For  the  control 
of  works’  operations,  when  50  grms.  should  be  used,  it  is  sufficiently 
accurate  to  weigh  immediately  after  drying  with  filter  paper,  taking 
care  that  no  moisture  remain  in  the  cavities  (if  any)  of  the  cake.) 
Should  the  cake  contain  any  cavities  (which  only  occurs  when  the 
fatty  matter  has  not  been  heated  properly)  enclosing  water  and, 
perhaps,  even  mineral  acid,  the  fatty  matter  should  be  remelted  in  a 
basin  over  water,  taken  off,  and  dried  as  described  before. 

From  the  weight  thus  found  the  weight  of  the  wax  is  deducted, 
and  the  difference  returned  as  fatty  matter.  If  no  closer  examina- 
tion is  made,  this  is,  as  a rule,  returned  as  fatty  acids.  This  is, 
however,  only  correct  if  the  absence  of  neutral  fat , wax , and  un- 
saponifiable  matter  has  been  proved,  rosin  acids  being  looked  upon  as 
so  much  fatty  acids,  unless  their  separate  determination  is  desired. 

In  case  the  sample  of  soap  contain  any  foreign  matter  (such  as 
fibre,  potato  starch,  etc.),  from  which  the  fatty  matter  does  not 
separate  readily,  it  is  best  to  extract  with  ether,  and  to  determine 
the  weight  after  evaporating  off  the  solvent.  In  many  cases  the 

1 The  addition  of  wax  may,  of  course,  be  omitted  if  it  is  known  that  the  fatty  matter 
will  set  to  a solid  cake  on  cooling. 
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foreign  matter  can  be  separated  from  the  soap  by  treating  the  sample 
with  hot  alcohol,  in  which  the  soap  dissolves,  and  filtering  off. 

Any  soluble  fatty  acids  which  are  present  in  the  soap  pass  to  some 
extent  into  the  acid  liquor ; as  a rule,  they  may  be  altogether 
neglected,  except  where  cocoa  nut  and  palm  nut  oil  soaps  are 
examined.  In  that  case  it  is  best  to  work  with  concentrated  solu- 
tions, or,  if  convenient,  to  add  common  salt,  which  throws  the  bulk  of 
the  soluble  acids  out  of  the  aqueous  solution,  so  that  the  remainder 
may  be  mostly  disregarded.  If  great  accuracy  be  required  the  soap 
should  be  decomposed  with  mineral  acid  under  ether  or  low-boiling 
petroleum  ether,  so  that  the  fatty  matter  is  brought  into  ethereal 
solution.  A less  accurate  method  is  to  titrate  the  aqueous  solution 
with  standard  alkali  until  it  is  neutral  to  methylorange,  then  to  add 
phenolphthalein  and  again  to  titrate  with  decinormal  alkali.  It  i& 
sufficiently  accurate  to  calculate  the  alkali  used  in  the  second  titration 
to  caprylic  acid,  C8H1602,  molecular  weight  144,,  and  to  add  the  amount 
so  found  to  the  bulk  of  the  fatty  matter  (cp.  Fendler  and  Frank1). 

A very  large  number  of  processes  purporting  to  introduce  greater 
accuracy  have  been  recommended  by  different  chemists,  but  in  the 
author’s  opinion  they  unnecessarily  complicate  the  analysis  without 
offering  any  advantages. 

If  by  subsequent  examination  the  soap  be  found  to  be  free  from 
neutral  fat,  wax,  and  unsaponifiable  matter  (p.  292),  the  fatty  matter 
is  returned  as  fatty  acids.  If  a complete  analysis  of  the  soap  is 
desired,  these  are  calculated  to  fatty  anhydrides.  Since  100  parts  of 
stearic  acid,  C18H3602,  correspond  to  9 6 ‘83  parts  of  stearic  anhydride, 
(C18H350)20,  and  similarly  100  parts  of  palmitic  acid,  C]f)H3202,  to 
9 6 ’48  parts  of  palmitic  anhydride  (C16H310)20,  and  100  parts  of 
oleic  acid,  C18H3402,  to  96'81  parts  of  oleic  anhydride  (C18H330)20,  no 
appreciable  error  is  committed  if  3*25  per  cent  be  deducted,  or, 
what  amounts  to  the  same,  if  the  percentage  of  fatty  acids  be 
multiplied  by  0 '9 6 7 5.  If  the  proportion  of  rosin  acids  in  the  soap  be 
required,  the  fatty  matter  must  be  examined  by  TwitchelVs  method 
(Yol.  I.  Chap.  X.)  and  the  rosin  acids  calculated  to  the  original  soap 
(see  below). 

The  more  fatty  acids  a sample  contains , the  more  actual  soap  is  present. 
A comparison  of  the  result  of  the  analysis  with  the  theoretical  com- 
positions given  above  will  assist  in  the  valuation  of  a soap.  Any 
hard  soap  containing  more  than  64  per  cent  of  fatty  acids  has 
either  dried  spontaneously  on  keeping,  or  has  been  dried  artificially, 
as  in  the  case  of  milled  toilet  soaps ; hard  soaps  containing  less  than 
that  amount  have  been  reduced  intentionally,  and  may  contain  an 
excess  of  water  or  alkali,  or  any  of  the  many  adulterants  that  are 
incorporated  with  soap. 

The  determination  of  the  total  alkali  in  a soap  is  conveniently 
combined  with  the  determination  of  the  fatty  matter  by  using  an 
accurately  measured  volume  of  standardised  acid  for  decomposing  the 

1 Zeit.  f.  angew.  Chevi.  1909,  253. 
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soap.  The  acid  liquor  is  then  filtered  to  remove  traces  of  fatty  acids, 
and  the  excess  of  acid  is  titrated  back  with  standardised  alkali  (see 
below). 

The  alkali  is  calculated  to  caustic  soda,  Na20,  in  the  case  of  hard 
soaps,  and  in  the  case  of  soft  soaps  to  caustic  potash,  K90.  Some 
hard  soaps  may  contain  small  quantities  of  potash,  but  this  may  be,  as 
a rule,  disregarded.  More  frequently  soft  soaps  contain  notable 
proportions  of  soda.  If  a separate  determination  of  soda  and  potash 
be  required,  the  soap  must  be  decomposed  with  hydrochloric  acid,  and 
the  potash  in  the  acid  liquid  estimated  as  potassium  platinic  chloride, 
in  the  usual  manner.  From  the  amount  of  potash  so  found,  and  from 
the  quantity  of  acid  required  to  neutralise  the  total  alkali,  the  amount 
of  caustic  soda  in  the  soap  is  calculated.  Of  course,  any  other  method 
used  in  mineral  analysis  may  be  employed. 


(b)  Combined  Alkali , Free  Caustic  Alkali , and  Alkaline  Salts 

The  total  alkali  is  the  sum  of  the  several  amounts  of  alkali  present 
in  the  soap  as  (1)  alkali  combined  with  fatty  (and  rosin)  acids,  termed 
conveniently  combined  alkali ; (2)  free  caustic  alkali ; (3)  alkali  as 
carbonate , or  (and)  silicate , or  (and)  borate. 

1.  Combined  Alkali  is  usually  found  by  difference,  i.e.  by  sub- 
tracting the  sum  of  the  amounts  of  alkali  obtained  for  (2)  and  (3) 
from  the  total  alkali  as  determined  above.  It  can,  however,  be  found 
direct  by  titrating  the  alcoholic  solution  of  the  soap  with  normal  acid 
(see  below)  using  methylorange  as  an  indicator  after  neutrality  has 
been  established  to  phenolphthalein.  This  may  be  done  as  a check, 
or  in  order  to  dispense  with  the  determination  of  the  alkali  present 
as  carbonate,  silicate,  and  borate  (3),  which  obviously  can  then  be 
found  by  difference. 

2.  Free  Caustic  Alkali. — A preliminary  test  is  made  by  dropping 
an  alcoholic  solution  of  phenolphthalein  on  to  a freshly-cut  surface  of 
the  soap.  Pink  colouration  indicates  the  presence  of  free  caustic  soda 
(also  of  carbonate,  silicate,  and  borate  if  the  soap  be  moist).  If 
the  soap  is  dried  out  the  alkaline  salts  do  not  redden  the  phenol- 
phthalein. In  order  to  separate  free  caustic  alkali  from  any  alkaline 
salts,  a portion  of  the  sample  is  dissolved  in  absolute  alcohol  and 
filtered.  The  alkaline  salts  remain  on  the  filter,  so  that  the  alcoholic 
filtrate  may  now  be  titrated,  using  phenolphthalein  as  an  indicator. 

Free  caustic  alkali  should  be  absent  from  well-made  soaps, 
especially  from  toilet  soaps.  As  a great  deal  of  circumspection  and 
experience  is  required  so  to  “ fit  ” a soap  that  it  contains  practically 
no  free  alkali,  most  of  the  ordinary  commercial  soaps  will  be  found 
to  contain  an  excess  of  free  alkali.  If  this  be  small,  the  free  caustic 
soda  is  mostly  converted  into  carbonate,  on  exposure  to  the  atmosphere, 
so  that  in  many  cases  no  free  alkali  will  be  found,  especially 
if  only  the  outer  portions  of  a cake  be  tested.  If,  however,  the 
excess  of  free  caustic  soda  in  a soap  be  large,  as  is  notably  the  case  in 
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scouring  soaps  and  in  cheap  toilet  soaps  made  by  the  cold  process, 
the  detection  of  free  alkali  will  offer  no  difficulty. 

It  should  be  borne  in  mind  that  under  the  term  “ free  alkali  ” 
frequently  all  that  alkali  is  understood  which  is  not  combined  with 
fatty  (or  rosin)  acids  to  form  true  soap,  so  that  carbonate,  silicate, 
-and  borate  are  included  in  “ free  alkali.”  I define  here  free  alkali  as 
free  caustic  alkali,  thus  differentiating  it  from  the  alkaline  salts. 

Free  caustic  alkali  is  determined  quantitatively  [Hope1)  by  dissolving 
10  to  30  grms.  of  the  sample  in  hot  absolute  alcohol  in  a flask, 
loosely  corked  in  order  to  prevent  absorption  of  moisture  from  the  air. 
Highly- watered  soaps  must  be  first  dehydrated  to  some  extent,  whilst 
access  of  carbon  dioxide  is  excluded.  The  hot  solution  is  filtered 
rapidly,  care  being  taken  that  no  soap- jelly  separates  out  on  the 
filter ; if  the  operation  is  carried  out  judiciously,  a hot- water  funnel 
can  be  dispensed  with.2  The  filter  is  washed  with  absolute  alcohol, 
and  the  filtrate  received  in  a narrow-mouthed  flask.  Phenolphthalein 
is  then  added,  and  the  solution  is  then  titrated  with  decinormal 
hydrochloric  acid.  In  some  cases  the  alcoholic  soap  solution  may 
exhibit  an  acid  reaction  to  phenolphthalein.  Acidity  may  be  due  to 
the  soap  containing  an  acid  stearate  (palmitate  or  oleate,  cp.  Vol.  I. 
Chap.  I.)  owing  to  faulty  “ fitting,”  or  to  fatty  acid  having  been  added 
to  “ kill  ” an  excess  of  alkali.  The  amount  of  decinormal  alkali 
required  to  neutralise  the  solution  is  calculated  to  free  fatty  acids , in 
terms  of  oleic  acid. 

3.  The  precipitate  left  on  the  filter  contains  carbonate , silicate , and 
borate , with  which  other  insoluble  substances,  added  as  “ fillers  ” (such 
as  starch,  talcum),  as  also  colouring  matters,  may  be  admixed. 
(With  regard  to  the  complete  examination  of  this  precipitate  see 
below.)  To  determine  the  alkali  contained  in  the  alkaline  salts  the 
precipitate  on  the  filter  is  washed  with  cold  water  (see  ( e ) 1),  and  the 
filtrate  is  titrated  with  standardised  acid,  using  methylorange  as  an 
indicator.  The  acid  used  is  calculated  to  Na90. 


(c)  Determination  of  Water 

The  direct  determination  of  water  in  soaps  is,  as  a rule,  an 
unnecessary  operation.  In  the  case  of  genuine  soaps  it  suffices  for 
all  practical  purposes  to  calculate  the  fatty  acids  to  anhydrides,  and 
add  their  weight  to  the  amounts  of  alkali  in  its  various  forms.  The 
water  is  then  found  by  difference.  Soaps  reaching  the  analyst’s 
laboratory  have,  as  a rule,  lost  more  or  less  water  by  drying ; hence 
the  direct  determination  of  water  in  soaps  does  not  afford  a reliable 
means  of  valuation.  For  it  must  be  remembered  that  ethereal  oils 
(present  even  in  many  household  soaps)  volatilise  with  the  water,  as 
does  alcohol  (present  in  small  quantities  in  some  kinds  of  transparent 
soaps),  and,  to  an  appreciable  extent,  also  glycerol  (present  in 

1 Chem.  News,  43  (1881),  219. 

2 Spaeth  recommends  to  use  a Soxhlet  extractor  (cp.  Journ.  Soc.  Chem.  lnd.  1896, 
139),  but  in  my  opinion  this  introduces  an  unnecessary  complication. 
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notable  quantities  in  soaps  made  by  the  cold  process,  as  also  in  some 
toilet  soaps).  Moreover,  if  a soap  contains  considerable  proportions 
of  free  caustic  soda,  part  of  the  loss  will  be  compensated  by  the 
absorption  of  carbon  dioxide  from  the  atmosphere. 

The  direct  determination  of  water  is  therefore  only  resorted  to  in 
exceptional  cases.  The  soap  is  then  cut  into  fine  shavings,  brought 
into  a porcelain  dish,  and  weighed  with  a glass  rod,  so  that  the  skin 
which  forms  on  drying  and  prevents  the  escape  of  water  from  the 
inner  portions  may  be  conveniently  broken  up  from  time  to  time. 
This  is  especially  necessary  in  the  case  of  highly-watered  soaps. 

For  the  purpose  of  valuing  a sample  of  soap  by  chemical  means 
the  determinations  described  under  (a)  to  ( c ) will  suffice  in  most  cases. 
Further  tests  embrace  the  examination  of  the  fatty  matter,  and  the 
detection  and  determination  of  other  constituents  of  the  sample. 


(d)  Examination  of  the  Fatty  Matter  (“Soap  Stock”) 

If  no  wax  has  been  employed  in  the  separation  of  the  fatty 
matter,  the  latter  may  be  used  direct  for  the  following  tests.  Other- 
wise a fresh  quantity  of  fatty  matter  must  be  prepared ; the  cuttings 
of  the  soap  are  most  conveniently  used  up  for  this  purpose. 

The  fatty  matter  may  contain,  besides  fatty  acids — 

1.  Rosin  acids. 

2.  Neutral  fat. 

3.  Unsaponifiable  matter. 

1.  Rosin  Acids. — Rosin  acids  are  detected  qualitatively  by  the 
Liebermann-Storch  reaction.  For  their  quantitative  estimation  see 
Yol.  I.  Chap.  X. 

2.  Neutral  Fat. — A well-made  soap  will  but  rarely  contain 
unsaponified  fat.  If  neutral  fatty  substances  have  been  added  to  the 
finished  soap,  as  in  the  case  of  “ super-fatted  ” soaps  (admixed  with 
olive  oil,  etc.,  or  in  the  case  of  certain  toilet  soaps,  with  wool  wax), 
they  will  be  obtained  together  with  any  unsaponifiable  matter 
present,  and  must  be  separated  from  it  subsequently. 

The  neutral  fat  plus  unsaponifiable  is  isolated  in  a direct  manner 
from  the  sample  of  soap  by  dissolving  a weighed  quantity  in  water  or 
alcohol,  adding  standardised  caustic  potash  to  neutralise  free  fatty 
acids  (if  any),  phenolphthalein  being  the  indicator,  and  exhausting 
the  soap  solution  as  described  Yol.  I.  Chap.  YI. 

The  residue  from  the  ethereal  solution  consists  of  neutral  fat  plus 
unsaponifiable  matter.  The  separation  of  the  two  constituents  is- 
effected  by  saponifying  the  mass,  and  again  extracting  with  ether. 

If  unsaponifiable  matter  be  absent,  the  total  ether  residue  consists 
of  neutral  fat ; otherwise  the  neutral  fat  is  found  by  difference,  or 
may  be  found  in  a direct  manner  by  isolating  the  fatty  acids  and 
calculating  their  amount  to  glycerides. 
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A complication  arises  if  the  soap  contain  wool  wax.  If  the 
presence  of  the  latter  be  suspected,  the  ether  residue  should  be 
saponified  with  dilute  alcoholic  potash  on  the  water-bath,  so  as  to 
obtain  part  of  the  wool  wax  as  unsaponifiable  matter,  which  can  then 
be  examined  and  identified. 

3.  Unsaponifiable  Matter. — This  is  isolated  and  estimated  together 
with  neutral  fat  as  described  above.  If  no  neutral  fat  has  been  found, 
the  total  ether  residue  consists  of  unsaponifiable  matter.  This  is 
examined  as  described  Yol.  I.  Chap.  IX. 

In  addition  to  the  substances  mentioned  in  Yol.  I.  Chap.  IX.  the 
presence  of  vaseline,  paraffin  oil,  oil  of  turpentine,  tar  oils,  naphtha- 
lene, petroleum  hydrocarbons,  hydrocarbons  from  “ distilled  grease,” 
etc.,  may  be  suspected. 

Carnaiiba  wax,  stated  in  some  text-books  as  being  usually  admixed 
with  soaps  in  order  to  render  possible  the  incorporation  of  large  pro- 
portions of  paraffin  oil,  is  not  used  in  practice,  as  the  same  object  can 
be  attained  by  cheaper  methods. 

The  examination  of  the  FATTY  ACIDS  themselves,  after  separation 
from  rosin  acids,  neutral  fat,  and  unsaponifiable  matter,  with  a view 
to  determining  the  nature  of  the  “ stock,”  is  a complicated  problem, 
requiring  systematic  application  of  the  methods  described  in  the  first 
volume  of  this  work. 


(e)  Substances  insoluble  in  Alcohol 

The  estimation  of  all  those  substances  which  are  insoluble  in 
alcohol  is  conveniently  combined  with  the  determination  of  free  caustic 
alkali  (see  p.  291),  by  collecting  the  insoluble  matter  on  a tared  filter 
previously  dried  at  100°  C.,  and  weighing  after  drying  at  100°  C. 

Good  soaps  yield  but  insignificant  amounts  of  residue.  Only  trans- 
parent soaps  manufactured  by  the  “ alcohol  process  ” will  be  found 
absolutely  free  from  insoluble  matter. 

The  residue  obtained  on  the  filter  may  consist  of — 

1.  Water-soluble  substances,  such  as  chloride,  sulphate,  carbonate, 
silicate,  or  borate  of  the  alkalis. 

2.  Mineral  substances  insoluble  in  water,  viz.  colouring  matters 
and  “ filling  ” and  “ weighting  ” substances. 

3.  Organic  substances,  especially  starch,  dextrin,  or  gelatin  (Car- 
ragheen mucilage). 

1.  Water-soluble  Substanees. — The  residue  on  the  filter  is  washed 
with  cold  water  so  as  not  to  dissolve  any  gelatin  that  may  be  present. 
Presence  of  silicate  (if  any)  will  have  been  noticed  already  in  the 
determination  of  fatty  matter  when  decomposing  the  soap  by  acid 
(see  above  under  (a)  ).  If  the  silica  has  not  been  estimated  in  the  same 
portion  in  which  the  amount  of  fatty  matter  has  been  ascertained 
(provided  no  other  water-insoluble  substance  be  present),  it  can  be 
determined  at  this  stage  by  acidifying  the  filtrate  with  hydrochloric 
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acid  after  the  total  alkali  present  in  it  has  been  determined  by- 
titration  (see  (b)  3),  and  evaporating  to  dryness  in  the  usual  manner. 
The  filtrate  from  the  separated  silica  may  be  tested  for  boric  acid. 

If  boric  acid  be  absent,  the  amount  of  carbonate  plus  silicate  can 
be  calculated  from  the  alkali  found  by  titration,  the  silica  having 
been  found  direct  by  weighing.  If  boric  acid  be  present  and  the 
proportion  of  borate  be  required,  the  water-soluble  portion  is  best 
divided  into  three  parts.  In  one  portion  the  carbon  dioxide  is 
estimated,  in  a second  portion  the  silica,  and  in  the  third  the  total 
alkali  is  determined  by  titration. 

Chlorides  and  sulphates  are  best  determined  in  aliquot  portions  of 
the  acid,  liquor,  obtained  after  separating  off  the  fatty  matter  as 
described  in  (a).  It  should  be  remembered  that  for  the  present 
purposes  nitric  acid  must  be  employed  for  decomposing  the  soap. 

2.  The  water-insoluble  portion  is  ignited,  so  as  to  burn  off  organic 
substances,  and  the  residue  is  weighed.  The  ash  is  examined  qualita- 
tively and  quantitatively  in  the  usual  manner. 

3.  Organic  Substances. — The  microscopical  examination  of  the 
total  residue  insoluble  in  alcohol  may  furnish  useful  indications. 
Thus  starch  will  be  detected ; the  microscopical  examination  may  be 
corroborated  by  testing  with  iodine.  If  the  quantitative  determina- 
tion of  starch  be  required,  the  alcohol-insoluble  residue  on  the  filter  is 
washed  with  cold  water  to  remove  water-soluble  substances  and 
dextrin , and  boiled  with  dilute  sulphuric  acid,  replacing  the  water  as 
it  boils  away  in  order  to  convert  the  starch  into  glucose.  The  liquid 
is  then  neutralised  with  barium  carbonate,  filtered,  and  the  amount 
of  glucose  estimated  by  titration  with  Fehling’s  solution  in  the  usual 
manner. 

Dextrin  has  been  washed  out  by  cold  water  simultaneously  with 
the  soluble  salts.  The  proportion  of  dextrin  is  estimated  by  precipi- 
tation with  alcohol.  This  is  done  best  in  a small  beaker,  tared  with 
a glass  rod.  The  liquid  is  stirred  vigorously,  so  that  all  the  dextrin 
is  made  to  adhere  to  the  sides  of  the  beaker.  The  aqueous  liquid  is 
then  poured  off,  the  dextrin  washed  with  alcohol,  and  its  amount 
determined  by  weighing  the  beaker  after  drying  at  100°  C. 

Gelatin  is  dissolved  by  washing  the  alcohol-insoluble  residue  with 
hot  water.  The  filtrate  should  be  tested  with  tannic  acid  to  corrobo- 
rate the  presence  of  gelatin. 


(/)  Other  Substances  occurring  in  Soaps 

1.  Glycerol. — The  minute  quantity  of  glycerol  left  in  hard  soaps, 
made  by  the  “ hot  process,”  can  only  be  determined  accurately  if  a 
large  quantity  of  soap  be  employed.  The  glycerol  passes  into  the 
aqueous  liquid  on  decomposing  the  soap  with  mineral  acid,  and  is 
determined  as  described  under  estimation  of  glycerol  in  spent  soap- 
lves  (see  below).  In  the  case  of  a soap  made  by  the  “ cold  process,” 
about  5 per  cent  of  glycerol  will  be  found.  The  absence  of  glycerol 
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from  soft  soaps  will  prove  that  fatty  acids  have  been  used  as 
“ stock.” 

Considerable  quantities  of  glycerol  are  intermixed  with  certain 
toilet  soaps  made  by  the  milling  process.  On  account  of  its  cosmetic 
properties  such  glycerol  must  be  considered  to  be  a valuable  ingredient 
of  these  soaps.  The  glycerol  is  determined  by  dissolving  the  soap  in 
water,  separating  the  fatty  matter  by  a mineral  acid,  and  filtering  off. 
The  filtrate  is  neutralised  with  barium  carbonate,  and  boiled  down  to 
the  consistence  of  a syrup.  The  residue  is  then  extracted  with  a 
mixture  of  three  parts  of  95  per  cent  alcohol  and  one  part  of  ether, 
the  alcoholic  solution  is  filtered  and  evaporated  on  the  water-bath  to  a 
small  bulk,  and  finally  dried  under  a desiccator.  The  glycerol  in  the 
crude  glycerin  thus  prepared  is  determined  by  the  acetin  process 
(Yol.  I.  Chap.  VI.). 

If  sugar  be  present  in  a soap  conjointly  with  glycerol,  as  in  cheap 
transparent  soaps,  the  sugar  must  be  first  removed  (cp.  below). 

2.  Sugar  is  found  to  a considerable  extent  (up  to  25  per  cent)  in 
cheap  transparent  soaps.  The  determination  of  the  saccharose  is  best 
effected  by  boiling  the  filtrate  (or  a measured  portion  of  it)  obtained 
in  (a),  with  dilute  sulphuric  acid  to  invert  the  sugar  completely , render- 
ing alkaline,  and  heating  with  Fehling’s  solution  after  previous  dilution 
so  as  to  prevent  oxidation  of  glycerol.  The  separated  cuprous  oxide 
is  estimated  in  the  usual  manner  and  calculated  to  saccharose.  If 
a considerable  quantity  of  sugar  be  present,  it  may  be  determined 
polar  imetri  cally . 

If  glycerol  and  sugar  be  present  conjointly,  separation  is  effected, 
according  to  Donath  and  Mayrhofer,1  by  adding  to  the  solution 
sufficient  slaked  lime  to  combine  with  the  sugar  present,  admixing 
an  equal  quantity  of  washed  and  ignited  sand,  then  boiling  down 
to  the  consistence  of  a syrup,  pulverising  the  residue  after  cooling, 
and  exhausting  in  a corked  flask  with  80-100  c.c.  of  a mixture  of 
equal  volumes  of  alcohol  and  ether.  The  solution  will  then  contain 
the  glycerol  (free  from  sugar),  and  this  may  be  estimated  as  described 
under  1. 

3.  Carbolic  Acid. — The  determination  of  “ carbolic  acid  ” (phenol 
and  cresols)  in  carbolic  soaps  2 is  carried  out  with  sufficient  accuracy 
by  the  following  method  ( Lewkowitsch ) : — 

Weigh  off  a somewhat  large  amount  of  the  sample,  about  100 
grms.,  dissolve  in  hot  water  and  add  sufficient  caustic  soda  to  render 
the  solution  strongly  alkaline.  Then  throw  up  the  soap  with  common 
salt,  filter  off  the  curdy  soap,  and  wash  it  with  saturated  brine. 
Boil  down  the  solution  which  contains  the  phenol  and  cresols  as 
sodium  carbolate  and  cresylates,  and  precipitate  any  retained  soap  in 
the  same  manner.  Filter  again,  boil  down  to  a small  bulk,  and 
transfer  the  solution  to  a stoppered  graduated  cylinder  of  50  or 
100  c.c.  capacity,  add  sufficient  salt  so  that  some  remains  undissolved, 

1 Zeit.  f.  analyt.  Chevi.  xx.  383. 

2 With  regard  to  the  bactericidal  action  of  carbolic  acid  cp.  Rapp,  Apotheker  Zeit. 

1903,  737. 
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and  acidify  with  sulphuric  acid.  The  volume  of  the  separated  phenols 
is  then  read  off  and  the  number  of  c.c.  taken  as  so  many  grams. 

If  greater  accuracy  be  required,  the  separated  “ carbolic  acid  ” is 
brought  into  ethereal  solution  and  recovered  after  distilling  off  the 
solvent.  The  phenol  and  cresols  may  then  be  determined  by 
Koppeschaar’ s method.1  In  the  case  of  soaps  made  with  crystals  of 
phenol  the  last-named  method  should  be  applied  on  account  of  the 
considerable  solubility  of  phenol  in  a salt  solution.  As  a rule,  much 
smaller  quantities  of  soap  will  suffice  for  the  analysis. 

4.  Alcohol. — The  determination  of  traces  of  alcohol  left  in  trans- 
parent soap  made  by  the  alcohol  process  will  be  but  rarely  required. 
In  the  case  of  soaps  with  which  considerable  amounts  of  alcohol  are 
incorporated 2 the  alcohol  is  determined  by  distilling  a weighed 
quantity  of  soap  in  a current  of  steam.  If  frothing  cannot  thus  be 
prevented,  a weighed  quantity  of  soap  is  decomposed  with  sulphuric 
acid,  the  fatty  acids  are  separated  off  by  filtration,  and  the  filtrate  is 
distilled.  From  the  specific  gravity  of  the  first  50  c.c.  of  the  distil- 
late and,  if  need  be,  from  that  of  a second  fraction,  the  amount  of 
alcohol  can  be  readily  found. 

Colouring  matters  in  soaps  cannot  be  considered  as  illegitimate 
.admixtures,  as  coloured  soaps  are  demanded  in  commerce.  Provided 
the  colouring  matter  be  harmless,  no  objection  can  be  raised.  The 
analyst  will,  therefore,  at  most,  only  be  required  to  state  whether 
-certain  colouring  matters  contain  poisonous  metals  or  not. 

Ethereal  oils  in  soaps  have  almost  become  a necessary  ingredient, 
even  in  better  class  household  soaps.  Their  quantity  will  naturally 
be  very  small,  and  need  not,  as  a rule,  occupy  the  attention  of  the 
analyst. 

Special  methods  must  be  worked  out  in  each  individual  case  for 
the  detection  and,  if  need  be,  for  the  estimation  of  other  substances 
put  into  soap,  such  as  mercuric  iodide,3  or  zinc  peroxide,4  or  formalin 
in  antiseptic  soaps. 

It  is  impossible  to  obtain  reliable  statistical  data  as  to  the  pro- 
duction of  soap  in  this  country.  A careful  estimate  made  by  the 
author  would  show  that  the  quantity  of  hard  soaps  (toilet,  laundry, 
household,  and  textile  soaps)  produced  amounts  to  over  400,000  tons 
per  annum.  To  this  must  be  added  about  1000  tons  of  soap 
powders  per  week. 

Most  of  the  soap  is  consumed  at  home ; the  quantities  exported 
(see  p.  7)  represent  therefore  a small  fraction  of  the  total  make. 

With  regard  to  soft  soap  it  is  still  more  difficult  to  give  reliable 

1 Cp.  J.  Deiter,  Veroff.  militdr.  Sanitiitsw.  Med.  Abt.  d.  Preuss.  Kriegsminist. 
1908,  73. 

2 Cp.  English  patent  2343,  1906  (Falck) ; German  patent  149,793  (Woolf). 

3 Cp.  A.  Seidell,  Journ.  Amer.  Ghem.  Soc.  1906,  73. 

4 Cp.  German  patent  157,737. 


XV 


. SOAP  MANUFACTURE 


297 


data.  A fairly  accurate  estimate  would  place  the  total  make  per 
annum  for  England  and  Ireland  at  10,000  tons,  and  for  Scotland  at 
approximately  8000  tons  per  annum. 

According  to  the  Census  of  the  United  States  for  1905,  the 
quantity  of  materials  used  in  the  manufacture  of  soap  and  the 
quantities  and  values  of  the  products  obtained  in  that  year  were  as 
follows  : — 


Lbs. 

Value. 

Dollars. 

Materials  used,  total  cost  . 

43,625,608 

Tallow,  grease,  etc 

Cocoa  nut  and  palm  kernel  oils  . 

475,618,277 

19,723,311 

62,181,501 

2,692,034 

Cotton  seed  oil 

120,811,654 

Palm  oil  ..... 

4,090,359 

Olive  oil 

5,486,471 

Castor  oil  ..... 

757,216 

Turkey-red  oil  distilled  and  saponified 

4,419,827 

Other  oils  ...... 

8,669,524 

Rosin 

168,107,246 

“Foots” 

59,761,740 

909,903,815  lbs. 

406,207  (long)  tons. 

Petroleum  products,  gallons 

4,277,289 

Caustic  soda,  tons  .... 

71,551 

218,798 

Soda  ash,  tons  ..... 

53,777 

“ Mineral  fillers,”  lbs.  .... 

31,075,233 

238,393 

Lbs. 

Value. 

Dollars. 

Products,1  total  value  .... 

68,274,700 

1 Tallow  soap  ..... 

Oleine  soap  ..... 

“Foots ’’soap  ..... 
Toilet  soaps,  including  medicated,  \ 
shaving,  and  other  special  soaps  j 

Powdered  soaps  . 

All  other  kinds 

Soft  soap  ...... 

Special  soap  articles  .... 

846,753,798 

29,363,376 

85,000,133 

130,225,417 

120,624,968 

143,390,957 

33,613,416 

32,610,850 

1,363,636 

3,090,312 

9,607,276 

4,358,682 

6,097,670 

667,064 

554,881 

1,388,972,065 

620,077  (long)  tons. 

126,625,071 

Glycerin 

j All  other  products  .... 

27,660,661 

2,958,105 

7,216,154 

1 Products  consumed  in  establishments  where  produced,  were : — Turkey-red  oil, 
1,149,346  galls.;  tallow,  10,613,271  lbs.;  cotton  seed  oil,  920,410  galls.;  caustic  lye, 
30°  B.,  9,568,532  galls.  ; sodium  silicate,  1,597,886  lbs. ; glycerin,  3,433,359  lbs. ; framed 
soap,  114,452,424  lbs. 
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The  amount  of  soft  soap  made  in  the  United  States  of  America 
is  insignificant. 

F or  other  countries  not  even  approximate  data  are  available ; 
but  the  consumption  of  soap  reckoned  per  head  of  population  is 
certainly  smaller  in  other  countries  than  in  this  country  and  in  the 
United  States  of  America. 


(2)  SALTS  OF  THE  ALKALINE  EARTHS  AND  HEAVY  METALS— 
WATER-INSOLUBLE  SOAPS— METALLIC  SOAPS 

The  insoluble  soaps  of  the  individual  fatty  acids,  as  far  as  they 
have  hitherto  been  obtained  in  a state  of  purity,  are  described  in 
Vol.  I.  Chapter  III. 

The  soaps  to  be  considered  here  are  prepared  by  double  decom- 
position of  the  alkali  soaps  with  aqueous  solutions  of  salts  of  the 
alkaline  earths  or  metals,  or  by  heating  the  free  fatty  acids  with  the 
oxides  or  carbonates  of  the  metals.1 

These  soaps  are  employed  in  the  arts  for  the  most  varied  purposes, 
extensive  use  being  made  of  their  property  of  dissolving,  to  a con- 
siderable extent,  in  petroleum  ether,  heavier  petroleum  hydrocarbons, 
coal-tar  oils,  naphtha,  oil  of  turpentine,  carbolic  acid,2  and  fatty 
oils.3  Their  solubility  is  increased  by  the  presence  of  free  fatty 
acids.4 

Magnesium  Oleate. — A solution  of  this  salt  in  petroleum  ether  is 
added  to  the  organic  solvents  employed  in  the  process  of  dry-cleaning 
silk  goods,  to  prevent  spontaneous  conflagration  when  the  silk 
goods  are  taken  out  of  the  solvent  (as  the  magnesium  oleate  increases 
the  conductivity  of  the  solvent  to  such  an  extent  that  generation  of 
electric  sparks  is  prevented). 

This  salt  is  sold  on  the  Continent  under  the  name  “antibenzin- 
pyrin  ” or  “ richterol.”  It  may,  however,  be  added  that  the  above- 
mentioned  dry  cleaning  soaps  (see  p.  285)  alone  are  capable  of 
preventing  spontaneous  ignition  through  electrical  sparks.5 

Lime  soaps  are  extensively  employed  in  the  manufacture  of  solid 
lubricants  (see  above)  and,  together  with  magnesium  and  aluminium 
soaps,  for  waterproofing  textile  goods.6 

Aluminium  soaps  enter  into  many  compositions  for  waterproofing 
textile  goods  and  papers,  for  preparing  substitutes  for  leather,  celluloid, 

1 With  regard  to  the  metallic  salts  of  naphthenic  acids  see  Pyhala,  Petroleum,  1908, 
1313. 

2 German  patent  148,794  (Raupenstrauch). 

3 The  solubilities  of  the  metallic  soaps  of  linseed  oil  have  been  studied  by  Vulte  and 
Gibson,  Journ.  Amer.  Chem.  Soc.  1902,  215.  It  may  be  added  that  calcium  “lin- 
oleate  ” ( i.e . the  calcium  salts  from  the  mixed  fatty  acids  of  linseed  oil)  is  soluble  in 
alcohol. 

4 For  calcium  salts  of  substituted  fatty  acids  cp.  p.  246. 

5 Cp.  Gohring,  Verein  zur  Beforderung  des  Gewerbejleisses , February  1908. 

6 For  the  solubility  of  calcium  soap  in  ammonium  citrate  cp.  Justin  Muller,  Chen. 
Zeit.  1904,  1149. 
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india-rubber  substitutes  for  insulating  purposes,  etc.1  Aluminium 
oleate  especially  is  used  as  an  “oil  thickener”  (see  above,  p.  66). 

Lead  and  manganese  soaps  are  used  as  “driers ” in  the  manufac- 
ture of  boiled  oils  and  varnishes  (cp.  p.  107 ).2 

Lead  plaster  consists  chiefly  of  lead  oleate.  Lead  plaster  prepared 
from  oleic  acid  is  completely  soluble  in  ether,  whereas  plasters  made 
from  natural  oils  and  fats  yield  an  ether-insoluble  residue  consisting 
of  the  lead  salts  of  the  saturated  fatty  acids. 

Zinc,3  iron,  nickel,  cobalt,  and  chromium  soaps  are  employed  in 
the  manufacture  of  coloured  varnishes,  as  also  for  waterproofing 
leather  and  canvas.  Copper  and  mercury  soaps  are  used  in  the 
production  of  anti-fouling  preparations,  especially  in  the  manufacture 
of  paints  for  ships’  bottoms.4 

In  this  class  of  soaps  must  be  also  included  the  metallic  rosinates. 
Lime  rosinate  is  employed  in  the  manufacture  of  solid  lubricants,  and 
aluminium  rosinate 5 as  a size  for  paper.  Solutions  of  manganese 
rosinate  and  lead  rosinate  in  warm  linseed  oil  are  used  as  liquid 
driers  (cp.  p.  107).  Copper  rosinate,  like  the  copper  salts  of  fatty 
acids,  is  used  as  a rust  preventative  and  for  painting  ships’  bottoms. 
Cobalt  and  gold  rosinates  are  easily  soluble  in  lavender  oil ; the  solu- 
tions are  used  for  painting  on  porcelain,  when  on  “ burning  ” the  painted 
porcelain  cobalt  oxide  and  gold  respectively  remain  behind.  With 
regard  to  zinc  rosinate  see  Chapter  XVI.,  “ Waste  Waxes.” 

The  metallic  rosinates  dissolve  more  readily  in  light  coal-tar 
hydrocarbons  than  in  petroleum  ether.6  The  dissolution  of  metallic 
rosinates  in  coal-tar  naphtha  is  assisted  by  dissolving  in  the  naphtha 
a quantity  of  rosin  equal  in  amount  to  that  existing  in  the  rosinates. 
(This  holds  especially  good  of  mercury  rosinate.)  By  this  means  any 
free  hydrate  or  carbonate  of  the  metallic  base  is  neutralised.7 

In  the  analytical  examination,  the  water -insoluble  soaps  are 
decomposed  by  means  of  a suitable  mineral  acid  (hydrochloric,  nitric, 
sulphuric),  when  the  fatty  acids  are  obtained  as  an  oily  layer ; or,  if 
the  salts  be  decomposed  under  ether  (which  in  many  cases  is  the  most 
advisable  course),  in  ethereal  solution,  and  the  metal  passes  into  the 
acid  solution.  Both  the  fatty  acids  and  the  acid  liquor  are  then 
examined  in  the  usual  way. 

1 Cp.  Thornton  and  Rothwell,  English  patent  4237,  1899  ; German  patent  117,878  ; 
E.  Agostini,  French  patent  361,772.  Cp.  also  German  patents  158,911  (C.  0.  Snavely), 
190,817  (R.  Koster). 

2 For  their  use  in  the  manufacture  of  cam  phene  from  pinene  hydrochloride  cp. 
English  patent  19,960,  1906. 

3 Cp.  French  patent  332,788  (Bonneville  et  Cie)  ; French  patent  368,755  (Lecesne)  ; 
German  patent  194,726  (A.  Ploger). 

4 Nordlinger  (German  patent  168,611)  claims  the  metal  salts  of  the  volatile  acids  from 

acetic  acid  up  to  capric  acid  as  admixtures  to  heavy  tar-oil  for  impregnating,  preserving, 
and  disinfecting.  5 Cp.  German  patent  118,307  (Peniakoff). 

6 The  solution  of  metallic  rosinates  in  coal-tar  hydrocarbons  may  be  diluted  with 
light  petroleum  spirit,  which  assists  in  the  drying  of  the  rosinates.  Truchot,  Journ.  Soc. 
Chern.  Ind.  1897,  449. 

7 With  regard  to  mixed  fatty  acid  salts  and  rosinates  cp.  French  patent  385,062. 
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IV.  GLYCERIN  MANUFACTURE 

Whereas  the  chemically  pure  substance  described  in  Vol.  I. 
Chapter  III.  is  termed  “ glycerol,”  those  commercial  products  which 
contain  glycerol  in  a more  or  less  pure  state  are  best  comprised  under 
the  name  “ glycerin.55 

It  has  been  pointed  out  already  that  glycerin  is  a by-product  of 
the  stearine-candle  and  soap  industries.  It  is  obtained  in  dilute 
aqueous  solutions,  which  contain  various  impurities,  the  nature  and 
quantity  of  which  depend  on  the  manufacturing  processes.  The 
purest  raw  material  results  from  saponification  by  means  of  lime  in 
open  vessels  (p.  166  and  p.  271);  hardly  inferior  to  this  is  the 
glycerin  obtained  by  “ autoclaving 55  (p.  167  and  p.  241).  Less  pure 
is  the  raw  material  recovered  from  the  acid  saponification  processes 
(p.  181),  TwitchelVs  process  (p.  242),  and  the  “ferment  process55 
(p.  242).  The  crude  glycerin  obtained  from  soap  lyes,  notwithstand- 
ing its  high  proportion  of  inorganic  salts,  may  surpass  in  quality  ( i.e . 
as  regards  the  amount  of  organic  impurities)  the  crude  material  from 
the  last-named  processes  ; but  if  fats  and  oils  of  low  quality  have  been 
saponified  by  means  of  black-ash  lyes,  it  may  be  still  more  impure. 
Modern  processes  of  refining  have,  however,  overcome  a number  of 
difficulties  caused  by  the  various  impurities,  so  that,  e.g.,  chemically  pure 
glycerin  from  good  soap  lyes  cannot  be  distinguished  from  glycerins 
obtained  by  lime  saponification.  Crude  glycerins  vary  in  quality 
in  accordance  with  the  care  exercised  in  the  manufacture.  Crude 
glycerins  obtained  from  the  acid  saponification,  the  Twitchell,  and  the 
ferment  processes,  retain  some  organic  impurities  which  seem  to  have 
hitherto  defied  all  attempts  to  remove  them,  as  the  writer  has 
ascertained  in  the  case  of  a number  of  “ chemically  pure  55  glycerins 
originating  from  these  processes. 

The  several  commercial  crude  glycerins  are  obtained  by  con- 
centrating the  aqueous  solutions  of  glycerol  after  they  have  been 
subjected  to  suitable  purification.  k 


1.  CRUDE  GLYCERIN 

The  composition  of  commercial  crude  glycerins  varies  considerably 
with  the  process  of  saponification  from  which  they  originate.  Up  to 
the  appearance  on  the  market  of  crude  glycerins  from  the  Twitchell 
and  the  ferment  processes,  the  following  three  commercial  qualities 
were  distinguished  : — Crude  saponification  glycerin,  crude  distillation 
glycerin,  and  soap-lye  (soap  crude)  glycerin.  The  crude  glycerins 
from  the  Twitchell  and  the  ferment  processes  are  offered  in  commerce 
as  “ saponification  glycerin,55  but  as  this  denomination  would  appear 
to  clothe  them  with  the  attributes  of  a higher  quality  than  they 
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actually  represent,  the  author  considers  them  separately  under  the 
description  of  “ Twitchell  crude  glycerin  ” and  “Fermentation  crude 
glycerin.” 


(1)  Crude  Saponification  Glycerin 

This  glycerin  represents  the  best  quality  of  the  crude  glycerins. 
It  is  obtained  from  the  “sweet  water”  (“ petites  eaux  de  stdarinerie ”) 
of  the  autoclave  processes,  and  as  a by-product  in  the  process  of  soap- 
making by  double  decomposition. 

According  to  the  amount  of  water  charged  into  the  autoclave, 
and  to  the  quantity  of  steam  sent  into  the  autoclave  during 
the  saponification  process,  the  proportion  of  glycerin  in  the 
“sweet  waters”  varies  from  6 to  16  per  cent.  The  metallic  oxides 
contained  in  the  “ sweet  waters  ” are  neutralised,  and  the  filtered 
solution  is  concentrated  by  means  of  steam,  either  in  a Wetzel 
pan  (shown  in  Fig.  24),  or,  as  is  done  in  modern  works,  in  a 
vacuum  evaporator  of  identical  or  similar  type  to  those  shown  in 


Fig.  24.— Wetzel  Pan. 


Figs.  25-28.  According  to  the  quantity  of  salts  which  separate 
when  the  bulk  of  water  has  been  driven  off,  a vacuum  evaporator 
either  of  the  type  A or  type  B,  Fig.  28,  is  used.  The  evaporation  is 
carried  on  until  the  crude  glycerin  contains  about  85-90  per  cent  of 
glycerol.  Its  specific  gravity  is  then  from  F240  to  l-242,  corre- 
sponding to  the  commercial  brand  of  “28°  Be.  saponification  crude” 
or  “ candle  crude  ” glycerin.  The  colour  of  this  glycerin  varies  from 
yellow  to  dark  brown  ; its  taste  is  sweet.  Tested  with  basic  lead 

acetate  it  gives  but  a slight  precipitate.  By  refining  this  crude 

glycerin  with  charcoal,  a “ refined  ” glycerin  (used  for  a number  of 
commercial  purposes)  is  obtained.  This  crude  glycerin  contains  up 
to  0-3  per  cent  of  ash,1  chiefly  calcium  (or  magnesium  or  zinc)  sulphate, 
and  small  quantities  of  organic  impurities. 

The  valuation  of  this  crude  glycerin  is  based  on  the  determination 
of  the  pure  glycerol,  the  ash,  and  the  organic  impurities. 

1 Glycerins  obtained  from  bone  fats  extracted  by  means  of  carbon  tetrachloride  are 
stated  to  contain  exceedingly  high  proportions  of  ash,  even  if  the  fatty  material  was^ 
carefully  purified,  previous  to  being  autoclaved  ( Sei/ensieder  Zeit.  1907,  1210). 
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The  percentage  of  glycerol  is  best  ascertained  by  the  acetin  process. 
The  oxidation  methods  (especially  the  bichromate  method)  are  apt  to 
lead  to  too  high  results  (cp.  Yol.  I.  Chap.  VI.),  especially  if  the  glycerin 
contain  any  organic  impurities  which  are  not  removable  by  the 
method  of  purification  described  below.  Hence,  although  in  some 
cases  the  acetin  method  and  the  bichromate  method  may  lead  to 
practically  identical  results,  in  most  cases  the  determination  by  the 
bichromate  method  gives  too  high  numbers  (especially  in  the 
case  of  glycerins  produced  during  the  last  decade),  as  is  shown  by 
the  following  table 1 : — 


Comparison  of  the  Acetin  and  Bichromate  Methods  ( Lewkowitsch ) 


Saponification  Crude. 

Acetin  Method. 
Per  cent. 

Bichromate  Method  (Purified 
with  Copper  Sulphate). 
Per  cent. 

1 

89-91  ; 90-75  ; 90‘43 

93-68  ; 94-21  ; 9471  ; 94-90 

2 

90-69  ; 90-74 

9270  ; 93-08 

3 

94-02  ; 94-12 

97-21  ; 97-94 

4 

85-23  ; 85-42 

8672  ; 86-41 

The  ash  is  determined  by  heating  a few  grams  of  the  sample  in 
a platinum  dish,  and  weighing  the  residue  obtained  on  incineration. 

The  organic  impurities  may  either  consist  of  fatty  acids  which 
have  not  been  completely  removed,  or  of  other  organic  substances, 
the  nature  of  which  has  not  yet  been  defined.  Fatty  acids  are 
detected  by  diluting  one  part  of  crude  glycerin  with  three  parts 
of  water,  and  adding  strong  hydrochloric  acid.  A turbidity 
points  to  the  presence  of  fatty  acids.  The  organic  impurities 
are  determined  quantitatively  by  allowing  a few  grams  to  evapo- 
rate slowly  at  160°  C.  The  residue  is  then  weighed,  and  the 
weight  of  the  ash  found  on  incineration  is  deducted.  The  amount 
of  organic  residue  gives  a fair  indication  as  to  the  care  with  which 
the  glycerin  has  been  manufactured.  As  a rule  the  quantity  of 
organic  impurities  lies  below  1 per  cent. 

The  test  for  arsenic  (see  below)  completes  the  chemical  examina- 
tion of  the  crude  glycerin. 

The  “ sweet  water  ” obtained  in  the  process  of  soap  - making 
by  double  decomposition  is  treated  in  the  same  manner  as  is  described 
above,  and  yields  a good  saponification  crude,  which  is  equal  in  quality 
to  a “ candle  crude,”  provided  that  the  original  fatty  matter  was  of 
good  quality.  As  this  process,  however,  is  used  in  small  works  only, 
and  is  chiefly  applied  to  low  quality  greases,  the  crude  glycerin  obtained 
therefrom  is  high  in  ash,  and  is  apt  to  contain  a considerable  amount 
of  organic  impurities,  so  that  such  crude  glycerin  is  liable  to  ferment 
when  stored;  indeed,  within  the  author’s  experience  such  crude  glycerins 
1 Lewkowitsch,  Analyst , 1903,  104. 
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did  ferment.  Samples  of  crude  glycerin  of  this  description  examined 
by  the  author  gave  the  following  results  : — 

Specific  gravity  ...  1 '2527  1 ‘24.64 

Ash  . . . . . 5‘008  per  cent.  1‘773  percent. 

Glycerol  ....  77  *1  ,,  84  ‘3 1 ,, 

The  fact  that  this  crude  glycerin  fermented  would  show  that  the 
organic  substances  in  low-class  greases  are  not  destroyed  b}^  treatment 
with  lime.  By  fermentation  trimethyleneglycol  is  formed. 


(2)  Crude  Distillation  Glycerin 

This  glycerin  is  recovered  from  the  acid  waters  resulting  in  the 
acid  saponification  processes,  and  is  termed  in  commerce  crude  dis- 
tillation glycerin , for  the  reason  that  the  fatty  acids  obtained  by  this 
process  must  be  distilled  to  yield  candle  material.  The  dilute 
glycerin  waters  are  worked -up  in  the  same  manner  as  is  described 
under  (1),  but  owing  to  the  large  amount  of  sulphuric  acid  they 
contain,  a considerable  amount  of  salts  remains  in  solution  after 
neutralisation  of  the  mineral  acid  with  lime.  With  the  progress 
of  concentration,  especially  when  the  crude  glycerin  approaches 
the  specific  gravity  1*240,  sulphate  of  lime  (which  is  no  longer 
held  in  solution)  drops  out  and  is  deposited  on  the  heating  surface 
of  the  evaporating  apparatus  in  the  form  of  a hard  crust,  which 
rapidly  diminishes  the  evaporative  power  of  the  steam  unless  the 
ealcium  sulphate  is  removed.  Hence,  ordinary  tube  evaporators, 
such  as  are  represented  by  vessel  B in  Fig.  28,  are  useless  for  con- 
centrating the  dilute  solutions,  and  a type  of  evaporator  must  be 
employed  which  permits  the  heating  surface  to  be  continuously  kept 
clean.  Such  an  evaporator  is  shown  in  Fig.  25,  the  inner^  construction 
of  which  is  exemplified  by  the  Figs.  26  and  27. 

The  finished  crude  glycerin  contains  considerable  proportions  of 
calcium  sulphate,  the  solvent  power  of  glycerol  for  calcium  sulphate 
(Vol.  I.  Chap.  III.)  being  apparently  increased  by  the  organic 
impurities  which  the  crude  glycerin  retains.  The  ash  of  crude 
“ distillation  glycerin,”  therefore,  amounts  to  as  much  as  2 and  even 
3*5  per  cent.  Also  the  amount  of  organic  impurities  is  greater 
than  in  crude  “ saponification  glycerin  ” ; it  may  rise  to  even  2 per 
cent,  the  amount  depending  on  the  lack  of  care  exercised  in  the 
manufacture.  The  colour  of  this  crude  glycerin  is  usually  pale 
yellow ; its  taste  is  sharp  and  astringent,  and  it  emits  an  unpleasant 
smell  when  rubbed  between  the  hands.  A voluminous  precipitate  is 
obtained  with  basic  lead  acetate ; on  addition  of  hydrochloric  acid  a 
turbidity  appears,  due  to  the  presence  of  fatty  acids. 

This  crude  glycerin  has  the  same  specific  gravity  as  has  saponifica- 
tion glycerin,  viz.  1*240-1*242,  and  contains,  as  a rule,  from  84  to  86 

1 This  number  was  obtained  by  the  acetin  method  ; as  the  crude  glycerin  contained 
trimethyleneglycol,  the  proportion  of  true  glycerol  must  have  been  lower. 
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per  cent  of  glycerol.  It  is  known  in  commerce  as  “distillation 
glycerin,  28°  B6.” 

The  glycerol  in  this  glycerin  should  be  determined  by  the  acetin 
process  and  not  by  the  bichromate  method.  The  differences  in 
the  percentage,  as  obtained  by  the  two  methods,  are  greater  than 
in  the  case  of  saponification  crude,  owing  to  the  larger  amount  of 
organic  impurities.  This  is  specially  shown  by  a few  examples 
reproduced  in  the  following  table  ( Lewkowitsch  *) : — 


Comparison  of  the  Acetin  and  Bichromate  Methods  (Lewkowitsch) 


Crude  Distillation 
Glycerin. 

Acetin  Method. 
Per  cent. 

Bichromate  Method  (purified 
with  Copper  Sulphate). 
Per  cent. 

1 

86*26  ; 86*16  ; 86*22 
83*51  ; 83*68 

89*70  ; 89*22 

2 

89*44;  89*73 

3 

83*1  ; 82*98 

83*9  ; 83*56  ; 83*52 

The  ash  and  the  organic  impurities  are  determined  as  described 
above  (p.  302).  Arsenic  is  detected  as  described  below. 

(3)  Twitchell  Crude  Glycerin 

This  crude  glycerin  is  obtained  from  the  acid  water  resulting 
in  TwitchelVs  saponification  process  (cp.  p.  242).  The  glycerin 
waters  are  treated  with  lime,  or  barium  hydrate  or  barium  car- 
bonate, so  as  to  precipitate  the  sulphuric  acid  as  completely  as 
possible.  The  purified  liquors  are  concentrated  up  to  a specific 
gravity  of  about  1’24  or  more  in  the  same  manner  as  described  above. 
The  quality  of  this  crude  varies  considerably  with  the  quality  of 
the  fatty  material  from  which  it  is  made.  If  the  raw  material  is 
of  good  quality,  the  glycerin  is  fairly  good;  but  even  in  that  case, 
owing  to  the  higher  amount  of  ash  it  contains,  and  owing  to  its 
unpleasant  taste,  it  is  valued  at  a somewhat  lower  price  than  crude 
candle  glycerin.  As  an  example,  may  be  given  the  analysis  of  a 
crude  glycerin  of  this  description  examined  by  the  author : — 

Specific  gravity 1*2390 

Glycerol  . . . . . . .84*8  per  cent. 

Ash 0*52  ,, 

In  candle-works  this  process  is  mostly  applied  to  low-class  fats,  such 
as  “greases  ” (Chap.  XVI.),  and  even  to  “garbage  fats  ” (Chap.  XVI.), 
as  it  works  most  profitably  with  low-class  material  containing  high 
proportions  of  free  fatty  acids.  Hence  the  glycerin  obtained  from 
such  low-class  material  contains  so  considerable  an  amount  of  organic 
impurities,  that  it  cannot  be  worked  up  by  itself,  not  even  for  the 

1 Analyst , 1903,  106. 


XV 


GLYCERIN  MANUFACTURE 


305 


production  of  dynamite  glycerin.  Each  special  make  of  such  glycerin 
is  valued  on  the  basis  of  the  impurities  it  contains. 


(4)  Fermentation  Crude  Glycerin 

The  sweet  water  from  the  fermentation  process  is  rich  in 
albuminoids  and  other  organic  impurities.  It  must,  therefore,  in 
addition  to  the  usual  treatment,1  be  filtered  over  char,  which  retains 
the  bulk  of  the  albuminoids  and  other  organic  impurities ; neverthe- 
less a certain  amount  is  retained,  and  consequently  the  finished  crude 
is  not  only  dark  in  colour,  but  has  also  a very  unpleasant  smell 
and  taste,  even  if  made  from  good  raw  material  (refined  cotton  seed 
oil,  refined  linseed  oil)  and  from  the  “ferment,”  as  described  above. 
In  the  infancy  of  this  process  the  crude  obtained  was  practically 
unusable.  Thus,  a sample  examined  by  the  author  contained  above 
2 '5  per  cent  of  ash,  and  the  amount  of  organic  residue  exceeded 
3 per  cent.  Owing  to  the  improvements  made  (cp.  p.  244),  these 
amounts  have  been  considerably  reduced,  as  is  shown  by  the  following 
analysis  carried  out  in  the  author’s  laboratory  with  a crude  glycerin 
made  from  refined  seed  oils. 

Specific  gravity  .....  1*2369 

Ash  . . . . . . . .0*49  per  cent. 

Organic  impurities  (albuminoids,  etc.)  . 1*54  ,, 


(5)  Soap  Lye  Glycerin,  Soap  Crude  Glycerin 

The  lyes  obtained  in  the  soap-making  process  by  boiling  gly- 
cerides in  an  open  pan,  contain  practically  all  the  glycerol  which 
the  natural  oils  and  fats  employed  are  capable  of  yielding. 
According  to  the  manner  in  which  the  “ changes  ” of  soap  lyes 
are  worked  up,  the  spent  lyes  may  contain  from  5 to  8 per  cent 
of  pure  glycerol.  Besides  glycerol,  the  spent  soap  lyes  hold  in 
solution  the  common  salt  used  in  “ cutting  ” the  soap,  and  also  small 
amounts  of  free  caustic  soda,  sodium  carbonate,  soap,  and  organic 
impurities. 

The  specific  gravities  of  the  spent  lyes  vary,  as  a rule,  from  1*08 
to  1*14,  according  to  the  amount  of  salt  dissolved  in  them. 

The  value  of  spent  soap  lyes  depends  on  their  percentage  of 
glycerol,  and  on  their  comparative  freedom  from  free  caustic  alkali, 
sodium  carbonate,  and  organic  impurities. 

A works’  chemist  usually  determines  the  proportion  of  glycerol  by 
closely  simulating  the  method  of  purification  and  recovery  practised 
in  the  glycerin  department  of  the  works.  In  commercial  analysis, 
provided  sulphur  compounds  be  absent,  1000  grams  are  heated  to 
boiling  and  are  acidified  with  hydrochloric  acid,  when  fatty  acids, 
etc.,  separate  on  the  top  as  an  oily  layer.  This  is  filtered  off ; the 

1 The  poisonous  ricine  (Vol.  II.  p.  322)  is  stated  to  be  removed  completely  by  precipita- 
tion with  lime.  Atti  del  VI.  Congresso  Internazionale,  Roma,  1907. 

VOL.  Ill 
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filtrate  is  made  neutral  and  lead  acetate  is  added.  The  precipitate 
is  filtered  off  and  the  clear  solution  boiled  down.  The  salt  which 
separates  is  scooped  out  with  a spoon,  and  sucked  dry  by  means 
of  a filter-pump.  When,  finally,  only  a few  c.c.  of  solution  are  left, 
this  is  added  to  the  salt,  and  the  latter  is  exhausted  with  a mixture 
consisting  of  three  measures  of  alcohol  (methylated  spirit)  and  one 
measure  of  ether.  The  alcoholic  filtrate  is  evaporated  down  on 
the  water-bath,  and  the  crude  glycerin  thus  obtained  examined  by 
the  acetin  method. 

In  a factory  where  the  purification  of  the  soap  lye  is  closely 
adapted  to  the  works’  process,  the  determination  may  be  shortened 
(Lewkowitsch  4)  by  evaporating  the  ether-alcohol  solution  on  the  water- 
bath  and  then  rapidly  heating  to  150°  C.,  weighing,  burning  off 
the  glycerin,  and  weighing  again.  The  difference  corresponds  to 
the  contents  of  pure  glycerol.  In  my  own  practice,  when  closely 
following  the  manufacturing  process,  this  abbreviated  method,  based 
on  a series  of  experiments  carefully  checked  by  the  acetin  method, 
gives  very  satisfactory  results. 

If  but  small  quantities  of  soap  lye  are  available,  so  many  grams 
are  weighed  off  as  will  approximately  correspond  to  1*2  grms.  of  pure 
glycerol,  and  the  glycerol  is  then  determined  by  the  bichromate 
method  in  the  form  given  to  it  by  Ilehner.2 

The  following  standard  solutions  are  required  : — 

1.  Solution  of  potassium  bichromate  containing  74-6273  grms.  of 
Cr907K2  per  litre.4  The  exact  oxidising  value  of  the  solution  must 
be  checked  by  titration  with  a standardised  solution  of  ferrous  sul- 
phate, or  of  pure  ferrous  ammonium  sulphate,  or  of  pure  iron  wire. 

2.  Solution  of  ferrous  ammonium  sulphate  containing  about  240 
grms.  per  litre. 

3.  Bichromate  solution,  ten  times  more  dilute  than  solution  1. 

The  ferrous  solution  is  accurately  standardised  upon  the  stronger 
bichromate  solution,  1 c.c.  of  which  should  correspond  exactly  to 
O’Ol  grm.  of  glycerol. 

The  soap  lye  is  slightly  diluted,  and  if  it  contain  notable 
quantities  of  soap,  is  acidified  with  sulphuric  acid ; the  fatty  acids, 
etc.,  are  filtered  off  and  the  filtrate  is  then  purified  by  means  of  lead 
acetate,  or  by  means  of  copper  sulphate  and  caustic  potash,  filtered, 
and  made  up  to  100  c.c. 

25  c.c.  of  this  solution  are  then  run  into  a beaker  previously  cleaned 
with  bichromate  solution  and  concentrated  sulphuric  acid,  and  40  c.c. 
of  the  concentrated  potassium  bichromate  solution  are  added.  As 
the  bichromate  solution  is  necessarily  a strong  one,  the  measuring 
must  be  done  with  the  greatest  care,  and  attention  must  be  paid  to 
the  temperature  of  the  solution.  Uehner  states  that  the  strong 

1 Analyst , 1903,  106.  2 Journ.  Soc.  Ohem.  Ind.  1889,  6. 

3 For  0 = 16  ; K = 39'15  ; Cr.  =52T. 

4 Hehner  recommends  to  add  150  c.c.  of  strong  sulphuric  acid  before  making  up  to 
1000  c.c.  ; but  I consider  it  safer  to  keep  the  pure  bichromate  solution  in  stock,  and 
to  add  the  sulphuric  acid  when  the  actual  test  is  carried  out. 
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bichromate  solution  expands  0*05  per  cent  for  each  degree  C.  I 
avoid  the  necessity  for  corrections  by  bringing  the  standard 
solutions  to  the  normal  temperature  in  a large  water -bath,  and 
keeping  them  thereat  until  the  titration  is  finished. 

12*5  c.c.  of  concentrated  sulphuric  acid  are  added;  the  beaker  is 
covered  with  a watch-glass  and  heated  in  boiling  water  for  2 hours.1 
The  excess  of  bichromate  is  titrated  back  with  an  excess  of  the 
ferrous  ammonium  sulphate  solution,  and  the  excess  of  the  latter  is 
ultimately  measured  by  titration  with  the  dilute  bichromate  solution, 
using  potassium  ferricyanide  as  an  indicator. 

If  the  lyes  are  properly  purified,  the  acetin  method  leads  to 
results  practically  identical  with  those  obtained  by  the  bichromate 
method.  If,  however,  the  impurities  be  not  completely  removed, 
then  here  also  the  bichromate  method  yields  too  high  results.  This 
is  clearly  shown  by  the  numbers  given  in  the  following  table.  Those 
lyes,  the  specific  gravity  of  which  exceeds  T2,  represent  partially 
concentrated  lyes ; all  other  lyes  are  original  spent  soap  lyes. 


Comparison  of  the  Acetin  and  Bichromate  Methods  for  determining 
the  Percentage  of  Glycerol  in  Soap  Lyes  ( Lewkowitsch ) 


Glycerol.  Per  cent. 

No. 

Specific  Gravity. 

Free  Alkali  as 
Na20. 

1000  c.c. 
Method. 

Bichromate  Method 
(purified  with  Copper 
Sulphate). 

1 

1-120 

Per  cent. 
2-39 

5-86 

6-62  ; 6-80 

2 

1-114 

0'58 

7-36 

8-48  ; 8-43 

3 

1-1216 

5*70 

5-89;  5-81 

4 

1-1025 

0-927 

6-69 

7-45  ; 7-33 

5 

1-0975 

0-452 

5-90 

5-90  ; 6-09 

6 

1-1050 

0-678 

5-25 

5-34  ; 5-43 

7 

1-0925 

0-809 

6-10 

5-92  ; 5-88 

8 

1-1025 

1-6 

5-64 

5-65 

9 

1-095 

0-863 

6*95 

6*92  ; 6-93 

10 

1-2025 

1-933 

9-75 

9-68  ; 9-67 

11 

1-0925 

0-51 

6-96 

6-95  ; 7-07 

12 

1-09 

0-768 

6-62 

6-78  ; 6-42 

13 

1-085 

0*657 

5-70 

5-42  ; 5-45 

14 

1-22 

11-57 

12-5  ; 12-6 

15 

0-49 

3-57 

4-59 

16 

7 ’55 

7-66  ; 7-69 

Fanto 2 proposed  to  determine  the  glycerin  in  soap  lyes  by 
the  iso-propyl-iodide  method  (Vol.  I.  Chap.  I.).  For  reasons  detailed 

1 Richardson  and  Jaffe  ( Journ . Soc.  Chem.  Ind.  1899,  331)  consider  20  minutes 
sufficient.  They  also  shorten  the  process  by  dispensing  with  the  dilute  bichromate 
solution.  Cp.  also  Banninger  (Zeit.  ang.  Chem.  1907,  1993). 

2 Zeit.  f.  angew.  Chem.  1903,  413. 
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above  this  method  cannot  be  recommended,  since  soap  lyes  contain 
large  amounts  of  not  readily  removable  impurities  which  reduce 
hydriodic  acid. 

On  the  large  scale  the  spent  soap  lyes  are  subjected  to  a process- 
of  purification  consisting  in  the  removal  of  fatty  acids,  rosin  acids, 
and  other  organic  impurities.  In  the  case  of  lyes  from  best  materials 
the  purified  liquor  contains  salt,  small  quantities  of  sodium  carbonate, 
and  practically  pure  glycerol.  This  solution  may  be  evaporated  in 
fire-heated  vessels  or  in  tube  evaporators,  such  as  are  used  in  sugar- 


Fig.  25. 

works,  until  the  “salting  point”  is  reached,  without  fear  of  damaging 
the  heating  surface  by  deposition  of  salt.  The  “ salting  point  ” is 
marked  by  the  lyes  having  acquired  the  specific  gravity  of  44°  Tw.  at 
15*5°  C.  If  evaporation  is  carried  beyond  this  stage,  salt  is  deposited, 
whilst  the  specific  gravity  and  percentage  of  glycerol  gradually  rise. 
The  vessels  in  which  the  evaporation  beyond  the  specific  gravity  of 
44°  Tw.  is  carried  on  must,  therefore,  be  provided  with  suitable  stirring 
and  scraping  arrangements  to  remove  the  salt  as  it  separates,  all  tube 


XV 


GLYCERIN  MANUFACTURE 


309 


evaporators  being  liable  to  incrustation  with  salt  and  gradual  stop- 
ping up  of  the  heating  tubes. 

An  evaporator  which  has  been  found  suitable  in  practice  for  the 
concentration  of  lyes  up  to  the  finishing  point  ( i.e . until  they  reach  the 


specific  gravity  of  1*3),  and  in  which  incrustation  of  the  heating  surface 
does  not  take  place,  has  been  designed  by  LewJcowitsch.1  It  is  shown 
in  Fig.  25.  Two  types  of  the  internal  heating  surface  are  illustrated 

1 Cp.  also  Lewkowitsch,  “Evaporation  in  vacuo  of  Solutions  containing  Solids,” 
Journ.  Soc.  Chem.  Ind.  1905,  1149. 
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by  Figs.  26  and  27.1  In  these  evaporators  the  soap  lyes  are 
evaporated  from  the  dilute  state  beyond  the  “ salting  point,”  the  salt 
which  falls  out  being  removed  by  the  aid  of  the  vessel  fixed  at  the 
bottom  of  the  evaporating  pan.  This  vessel  can  be  emptied  whilst 
the  contents  are  kept  continuously  boiling.  In  large  installations 
the  lyes  may  be  concentrated  in  double  effet  or  triple  effet  vacuum 


apparatus.  A double  effet  designed  by  the  author  on  the  same 
principle  is  illustrated  by  Fig.  28.  This  shows  a combination  of  the 
tube  evaporator  B with  an  evaporator  illustrated  by  Figs.  25,  26, 
and  27.  The  first  preliminary  concentration  up  to  the  “salting 
point”  is  carried  out  in  vessel  B,  whilst  the  further  concentration 
takes  place  in  vessel  A. 

1 Cp.  English  patents  28,747,  1897  ; 30,616,  1897. 
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The  finished  glycerin — salt  crude  glycerin,  soap-lye  glycerin — has 
a specific  gravity  of  1*3.  It  usually  contains  80  per  cent  of  pure 
glycerol  and  about  10  per  cent  of  salts,  the  remainder  consisting  of 
water  and  a small  amount  of  organic  impurities.  It  is,  however,  easy 
to  prepare  in  the  evaporators  illustrated  here  crude  glycerin  contain- 
ing as  much  as  86  per  cent  of  pure  glycerol. 

A B 


Fig.  28. 

The  salts  in  crude  soap-lye  glycerin  should  consist  preponderantly 
of  common  salt  and  small  amounts  of  sodium  carbonate.  In  low 
quality  crude  glycerins,  sodium  sulphate,  sodium  sulphite,  sodium 
sulphide,  sodium  thiocyanate,  and  sodium  thiosulphate  are  also 

found. 

The  proportion  of  organic  impurities  in  soap-lye  glycerin  varies 
considerably,  in  accordance  with  the  process  of  purification  used, 
the  care  of  the  operator,  etc.  Some  commercial  glycerins  contain 
less  than  1 per  cent  of  organic  impurities  (thus  representing  a glycerin 
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of  better  quality  than  “ distillation  glycerin,”  “ Twitchell  crude 
glycerin,”  and  “ fermentation  glycerin  ”) ; others,  again,  contain 
large  quantities  of  impurities,  consisting  of  fatty  acids,  rosin  acids, 
and  further  of  albuminoid  substances,  gelatin,  and  hydrocarbons 
(from  bone  fat).  The  organic  substances  in  crude  glycerin  may  give 
rise  to  fermentation  on  storing,  when,  amongst  other  impurities, 
trimethyleneglycol  will  be  obtained  on  distilling  such  crude  glycerins. 
In  the  distillate  from  some  impure  glycerins  the  author  found  organic 
bases,  amongst  which  picoline  and  lutidine  could  be  isolated.1 

The  colour  of  salt  crude  glycerin  is  pale  yellow  to  brown,  or 
almost  black,  according  to  its  state  of  purity.  The  taste  of  good 
specimens  is  sweet,  qualified,  of  course,  by  that  of  the  common  salt ; 
impure  samples  have  a most  unpleasant  garlic-like  taste,  even  if 
sulphides  be  absent. 

Soap-lye  glycerin  can  be  rapidly  distinguished  from  glycerins 
described  under  (1),  (2),  (3),  (4)  by  the  large  proportion  of  common 
salt  which  it  contains  (heavy  precipitate  with  silver  nitrate),  and  by 
its  high  specific  gravity. 

A soap-lye  glycerin  containing  considerable  quantities  of  sulphides, 
thiosulphates,  or  sulphites,  is  almost  valueless  to  the  refiner  of  crude 
glycerin. 

The  determination  of  glycerol  is  best  carried  out  by  the  acetin 
method.2  The  bichromate  method  in  the  form  described  by  Hehner  3 
is  also  used  in  commercial  analysis,  and  is  employed  in  the  following 
manner : — 

About  T5  grms.  of  crude  glycerin  are  weighed  off  in  a 100-c.c. 
flask,  and  silver  oxide  is  added  to  remove  the  chlorine  of  the  sodium 
chloride  and  to  oxidise  aldehydes.  A little  water  is  then  run  in  and 
the  mixture  allowed  to  stand  for  ten  minutes.  Basic  lead  acetate  is 
next  added  in  slight  excess,  and  the  volume  made  up  to  100  c.c.  A 
portion  of  the  solution  is  filtered  through  a dry  filter,  and  25  c.c.  are 
placed  in  a beaker  previously  cleaned  with  concentrated  sulphuric 
acid  and  bichromate  solution,  and  is  treated  as  described  above, 
p.  306. 

In  the  case  of  fairly  pure  soap-lye  glycerins  the  silver  oxide  may 
be  replaced  by  copper  sulphate. 

Hehner  has  shown  by  a number  of  comparative  experiments  that 
the  results  obtained  by  the  acetin  and  the  bichromate  methods  agree 
very  well,  and  the  author  confirmed  this  in  the  second  edition  of  this 
work.4 5  Yet  this  no  longer  holds  good  at  present.  For  recently 
Lewkowitsch 5 proved  by  a large  number  of  experiments  that  in  the 
case  of  many  crude  glycerins,  the  bichromate  method  yields  appreciably 

1 Cp.  also  E.  Schmitt  {Bull.  Soc.  Ind.  du  Nord  de  la  France,  1905,  No.  129),  who 
found  in  a distilled  glycerin  organic  bases,  which  were  not  identified,  but  were  assumed 
to  consist  of  a mixture  of  amines  (methyl-,  ethyl-,  etc.),  and  perhaps  also  of  amides. 

2 Lewkowitsch,  Chem.  Zeit.  1889,  93,  191,  659  ; Journ.  Soc.  Chem.  Ind.  1890,  479. 

3 Journ.  Soc.  Chem.  Ind.  1889,  6. 

4 Cp.  Lewkowitsch,  Chemical  A nalysis , etc.,  1898,  p.  808. 

5 Analyst , 1903,  104. 
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higher  results  than  does  the  acetin  method.  This  is  shown  by  a 
number  of  analyses  collated  in  the  following  table : — 


Comparison  of  the  Acetin  and  Bichromate  Methods  for  determining  the 
percentage  of  Glycerol  in  Soap  Crude  Glycerin  ( Levckowitsch ) 


Description. 

Acetin  Method. 

Bichromate  Method 
(purified  with 
Copper  Sulphate). 

.Bichromate  Method  (purified 
with  Silver  Carbonate 
and  Basic  Lead  Acetate). 

Soap-lye  crude 

86*66 

86*45 

86*15  ; 86*06 

86*01  ; 86*34 

’ 5 3 J 

75*02 

75*38  ; 75*10 

3 3 3 3 

80*51  ; 80*66 

80*37  ; 80*04 

3 3 J 3 

78*93 

79*41 

3 > 33 

85*94 

85*43 

3 3 3 3 

79*84 

79*23 

3 3 3 3 

83*05  ; 83*07 

83*99;  84*65 

/ 78*48  ; 78*55  ; 

1 81*42  ; 81*60 

3 3 3 3 

\ 78*89 

\ 81*23 

/ 80*46  ; 80*82  ; 

( 82*56  ; 83*03 

3 3 3 3 

\ 80*28  ; 80*61 

\ 83*23  ; 83*89 

3 3 3 3 

76*56  ; 77*45 

79*36  ; 79*01 

3 3 3 3 

81*44  ; 81*19 

82*51  ; 82*61 

3 3 3 3 

81*42 

82*21 

3 3 3 3 

79*13 

81*52  ; 81*94 

3 3 3 3 

75*20 

78*79 

5 3 3 3 

72*98 

76*04 

33  3 3 

72*01 

77*44 

Last  crude,  concen- 

trated further 

74*73 

78*35 

Soap-lye  crude 

77*31 

77*96  ; 78*60 

78*30  ; 78*33  ; 78*69 

3 3 3 3 

76*53  ; 76*61 

78*17  ; 78*24 

79*25  ; 79*53 

The  acetin  method  is  all  the  more  commendable  for  the  valuation 
of  soap  crude  glycerin,  inasmuch  as  polyglycerols  (residues  from  the 
glycerin  stills,  see  p.  319),  if  admixed  with  crude  glycerin,  would  be 
oxidised  by  the  bichromate,  and  thus  calculated  to  glycerol,  whereas 
the  polyglycerols  are  not  converted  into  esters  on  boiling  with  acetic 
anhydride.  Lewkowitscli 1 has  proved  that  soap  crude  glycerins 

containing  polyglycerols  show  less  than  80  per  cent  in  the  acetin  test. 
The  following  table  reproduces  some  analyses  : — 

Glycerol  by  Acetin  Method. 

Per  cent. 

Soap  Crude  I.  containing  Still  Residues  . 76*20  ; 76*16;  76*45;  76*57 

„ ,,  II.  ,,  „ ,,  . 77*94;  77*68  ; 77*77  ; 77*76 

„ ,,  III.  ,,  more  Still  Residues  . 61*40;  61*38;  61*43;  61*09 

Ash. — 3-5  grms.  of  the  sample  are  weighed  off  accurately  in  a 
platinum  dish,  which  is  then  placed  at  some  distance  over  a small 
burner,  in  order  that  the  glycerol  may  evaporate  off  slowly.  More  heat 
should  only  be  applied  after  the  glycerol  has  been  driven  off,  when  a 

1 Chem.  Zeit , 1889,  659. 
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bulky  carbonaceous  residue  is  obtained.  This  is  heated  to  a tempera- 
ture which  is  just  sufficiently  high  to  carbonise  the  organic  matter, 
but  care  must  be  taken  that  no  sodium  chloride  be  volatilised.  After 
cooling,  the  charred  mass  is  exhausted  with  water,  transferred  to  a 
filter,  and  the  filtrate  boiled  down  in  the  platinum  dish  on  the  water 
bath.  The  residue,  which  should  be  white,  is  heated  (not  above 
400°  C.  to  avoid  loss  by  volatilisation  of  sodium  chloride)  and 
weighed.  The  carbon  on  the  filter  is  dried,  burnt  away,  and  the 
weight  of  the  ash  (if  any)  added  to  the  bulk ; this  is  especially 
necessary  if  the  sample  contain  lime  (cp.  Vizern1 *). 

Richmond 2 proposed  to  estimate  the  ash  by  carbonising,  as 
described  above,  adding  a little  concentrated  sulphuric  acid,  heating 
over  a Bunsen  flame  until  the  ash  is  burnt  white,  and  multiplying  the 
“ sulphated  ” ash  by  0*8.  This  method  is  not  accurate,  and  cannot 
be  recommended. 

Organic  impurities  are  determined  as  described  p.  302.  The 
drying  at  160°  C.,  until  constant  weight  is  obtained,  requires  a some- 
what prolonged  time.  The  process  is  shortened  by  repeatedly  adding 
to  the  residue,  from  time  to  time,  a few  drops  of  water. 

Fatty  acids  are  detected  by  acidifying  the  diluted  glycerin  with 
hydrochloric  acid. 

Arsenic  is  detected  as  described  p.  332. 

The  detection  of  sulphides,  sulphites,  and  thiosulphates  in  the  crude 
glycerin  is  of  importance  for  purposes  of  valuation.  The  presence 
of  sulphides  is  ascertained  by  testing  with  paper  saturated  with  alka- 
line lead  nitrate  solution.  To  detect  traces  of  sulphides  down  to 
T-oVo  o 0th  part  ( Ferrier 3)  a few  c.c.  of  the  solution  are  placed  in  a 
small  flask,  and  four  or  five  drops  of  hydrochloric  acid  are  added,  as 
well  as  a pinch  of  sodium  bicarbonate.  The  liquid  is  carefully  heated 
to  boiling,  and  a paper  moistened  with  alkaline  lead  nitrate  held  over 
the  flask. 

Thiosulphates  and  sulphites  are  detected  by  treating  the  diluted 
glycerin  with  a few  c.c.  of  a solution  of  barium  chloride  and  filtering 
off  the  precipitate  containing  carbonate,  sulphate,4  and  sulphite.  To 
the  clear  filtrate  two  or  three  drops  of  hydrochloric  acid  and  a few 
drops  of  a potassium  permanganate  solution  are  added.  If  the 
glycerin  contains  even  less  than  ywuwth  part  of  thiosulphate , a 
distinct  turbidity  is  produced. 

The  detection  of  sulphites  is  effected  by  washing  the  precipitate 
on  the  filter  with  boiling  water,  stirring  it  up  with  a little  water, 
and  adding  to  this  mixture  starch  solution  and  a few  drops  of  iodine 
solution.  In  the  presence  of  sulphites  the  blue  colouration  disappears 
with  more  or  less  rapidity,  whilst  in  their  absence  the  blue  colour  is 
permanent. 

Another  method  by  which  to  detect  sulphides,  sulphites,  and 

1 Journ.  Chem.  Soc.  1890,  Abstr.  835.  2 Journ.  Soc.  Chem.  Ind.  1889,  7. 

3 Ibid.  1893,  471. 

4 Dobbin,  Pharm.  Journ.  1900,  182,  has  shown  that  small  quantities  of  barium 

sulphate  are  soluble  in  the  presence  of  considerable  amounts  of  thiosulphate. 
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thiosulphates  in  presence  of  sulphates  (which  may  occur  in  soap  lyes 
to  a notable  extent)  has  been  proposed  by  Browning  and  Howe.1  The 
solution  should  be  made  slightly  alkaline ; zinc  acetate  is  then  added 
in  distinct  excess.  The  precipitate  of  zinc  sulphide  is  filtered  off  and 
tested  by  treating  with  mineral  acid.  The  filtrate  is  acidified  with 
acetic  acid,  and  the  sulphates  precipitated  by  barium  chloride. 
Iodine  solution  is  added  to  the  filtrate  until  a permanent  colouration 
is  obtained ; the  excess  of  iodine  is  removed  by  stannous  chloride 
and  a few  drops  of  hydrochloric  acid  (to  prevent  formation  of  basic 
stannic  salts).  If  a precipitate  be  obtained  at  this  stage  the  presence 
of  sulphites  is  proved.  The  precipitate  is  filtered  off,  and  the  filtrate 
treated  with  bromine  water.  The  solution  is  then  again  decolour- 
ised with  stannous  chloride  ; a precipitate  would  indicate  the  presence 
of  thiosulphates. 

For  the  quantitative  estimation  of  sulphides,  sulphites,  thiosul- 
phates, and  sulphates  in  presence  of  each  other  the  reader  must  be 
referred  to  the  original  papers  quoted  in  the  footnote.2 


2.  DISTILLED  GLYCERIN— DYNAMITE  GLYCERIN 

These  glycerins  are  obtained  from  the  different  crude  glycerins 
described  above,  by  distillation.  The  distillation  is  carried  out  either 
under  ordinary  pressure  or  in  a vacuum.  The  latter  method  is  the 
one  mostly  in  vogue  at  present.  Some  manufacturers  work  off  in  one 
batch  a certain  amount  of  crude  glycerin  (depending  on  the  size  of  the 
stills) ; others  resort  to  continuous  distillation,  the  still  being  fed  as 
the  glycerin  distils  off.  The  successful  distillation  of  glycerin  does 
not  depend  so  much  on  the  kind  of  apparatus  used  as  on  the  skill 
and  care  of  the  operator.  A large  number  of  special  apparatus  and 
stills  have  been  patented,3  but  owing  to  the  fact  just  pointed  out 
(viz.  that  success  depends  more  on  the  skill  of  the  operator  than  on 
the  particular  apparatus  employed),  the  details  of  the  methods  are 
considered  valuable  secrets.  For  it  rests  solely  with  the  mode  of 
working — especially  in  the  case  of  soap-lye  glycerin — as  to  whether 
one  distillation  suffices  to  obtain  a satisfactory  product,  or  whether 
the  once  distilled  glycerin  must  be  distilled  again.  If  the  distillation 
be  not  conducted  carefully,  the  once  distilled  glycerin  is  so  strongly 
contaminated  with  sodium  chloride  and  organic  impurities  (especially 
volatile  acids  and  even  polyglycerols)  that  a second  distillation 
becomes  imperative. 

The  yield  obtainable  from  crude  glycerin  depends  likewise  on  the 
care  of  the  operator.  The  losses  incurred  by  unsatisfactory  distillation 
are  large,  and  range,  in  cases  within  the  experience  of  the  author, 
from  as  much  as  15  to  even  40  per  cent.  A large  proportion  of  the 

1 Zeit.  f.  anorg.  Chemie,  1898,  371. 

2 Lunge  and  Smith,  Journ.  Soc.  Chem.  Ind.  1883,  463  ; Richardson  and  Aykroyd, 
ibid.  1896,  171  ; Lunge  and  Segaller,  ibid.  1900,  221. 

3 Cp.  United  States  patent  881,525  (F.  J.  Wood). 
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loss  is  due  to  destruction  of  glycerol  with  the  formation  of  volatile 
acids  and  acrolein  on  the  one  hand,  and  to  the  formation  of  poly- 
glycerols on  the  other  hand.  The  polyglycerols  are  mainly  found  in 

the  still  residues  {glycerin  foots). 

Distilled  glycerin  is  used  for  many  purposes  in  the  arts,  such  as 
for  filling  gas-meters  and  hydraulic  jacks,  in  the  manufacture  of  inks, 
waterproof  paper,  toilet  soaps,  “ sizes  ” for  textiles,  and  for  the 
production  of  plastic  masses  (printing  rollers,  hectograph  mass).1  The 
bulk  of  distilled  glycerin  is,  however,  employed  in  the  manufacture 
of  high  explosives,  such  as  dynamite,  blasting  gelatine,  cordite,  etc. 

These  glycerins  being  prepared  by  distillation,  contain  a very 
small  amount  of  ash,  and  are  thereby  easily  distinguished  from  crude 
glycerins.  Distilled  glycerins  are  further  differentiated  from  crude 
glycerins  by  not  giving  a precipitate  with  lead  acetate. 

The  commercial  distilled  glycerins  vary  in  colour  from  yellow  to 
white  ; they  also  vary  in  their  content  of  glycerol,  according  to  their 
specific  gravities,  which  range  between  1*220  and  1*260. 

The  percentage  of  glycerol  may  be  ascertained  with  approximate 
accuracy  by  referring  to  the  tables  of  specific  gravities  given  on  p. 
322.  The  small  amount  of  ash  these  glycerins  contain  has,  however, 
some  influence  on  the  specific  gravity.  If  great  accuracy  be  required, 
the  glycerol  should  be  determined  by  the  acetin  method  or  the 
bichromate  method,  although  it  must  be  again  repeated  that  the 
bichromate  method  has  a tendency  to  yield  too  high  results. 

Dynamite  glycerin  represents  that  quality  of  distilled  glycerin  which 
has  a specific  gravity  of  1*261  to  1*263.  According  to  the  care  with 
which  it  has  been  manufactured,  its  colour  varies  from  a deep  yellow 
to  a pale  colour. 

Owing  to  the  risks  to  which  a manufacturer  of  dynamite  is 
exposed  if  the  glycerin  be  impure,  the  conditions  to  which  a 
dynamite  glycerin  should  conform  are  usually  laid  down  in  con- 
tracts between  buyer  and  seller.  Thus  the  following  conditions  are 
stipulated: — 

Specific  Gravity. — This  should  not  be  less  than  1*261  at  15*5°  C. 
(For  the  method  of  determination  see  p.  324.)  The  specific  gravity 
test  is  a very  important  one,  as  an  apparently  high  percentage  of 
glycerol  may  be  found  by  the  bichromate  method,  or  even  in  the  acetin 
test,  due  to  the  presence  of  trimethyleneglycol,  which  occurs  in  com- 
mercial glycerin  obtained  from  low-class  greases  {Noyes  and  JV utkin  ; 2 
cp.  above,  p.  303).  The  presence  of  trimethyleneglycol  may  be 
suspected  if  a low  specific  gravity  is  found  concurrently  with  an 
apparently  high  percentage  of  glycerol.  Barton 3 proposes  to  heat 
the  glycerin  to  225°-230°  C.  for  two  hours  and  then  to  take  again 
the  specific  gravity;  the  second  value  is  termed  “permanent  specific 
gravity.”  Any  hydrocarbons  present  in  glycerins  from  bone  fat  are 
thus  volatilised.  The  “permanent  specific  gravity  ” will  always  be 

1 Cp.  German  patent  202,849  (W.  H.  Brownlow). 

2 Jonrn.  Soc.  Chem.  lnd . 1896,  207.  3 Ibid.  1895,  516. 
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higher  than  the  specific  gravity  of  the  sample,  as  the  last  traces  of 
water  are  volatilised  ; trimethyleneglycol  (boiling  point  214°-217c  C.) 
also  will  most  likely  be  driven  off  by  heating. 

Lime , magnesia , and  alumina  should  be  absent. 

Chlorine. — Traces  only  are  permissible ; the  glycerin  must  not 
become  milky  with  silver  nitrate.  Milkiness  is  observed  when  the 
proportion  of  sodium  chloride  lies  between  0*025  and  0*01  per  cent 
(as  the  author  has  ascertained  by  a number  of  experiments).  The 
quantitative  determination  of  sodium  chloride  is,  however,  un- 
necessary. 

Arsenic. — Only  minute  traces  are  tolerated.  The  test  is  made  by 
making  the  glycerin  just  alkaline  with  a minute  quantity  of  ammonia, 
and  adding  silver  nitrate.  No  yellow  precipitate  should  appear.  As 
this  precipitate  is  soluble  in  ammonia,  an  excess  of  the  latter  must 
be  avoided.  Greater  certainty  is  obtained  by  Gutzeifs  reaction  (see 
p.  332),  using  mercuric  chloride. 

Organic  Impurities.  — The  glycerin  must  not  become  brown  or 
black  within  ten  minutes  after  the  addition  of  a few  drops  of  silver 
nitrate  to  the  diluted  glycerin. 

Total  Residue. — This  is  determined  as  described  p.  302.  It 
should  not  exceed  0*25  per  cent  of  the  dynamite  glycerin.  If  there 
be  reason  to  suspect  the  presence  of  organic  bases  in  the  sample,  a 
small  amount  of  hydrochloric  or  nitric  acid  is  added,  when  the  hydro- 
chloride or  nitrate  of  the  bases  will  be  obtained  in  the  residue. 

Free  Acids. — The  glycerin  should  not  be  acid  to  litmus,  nor  should 
it  contain  fatty  acids ; the  test  for  volatile  fatty  acids  (which  occur 
at  present  more  frequently  in  some  dynamite  glycerins  than  used  to 
be  the  case  some  years  ago)  is  carried  out  as  described  under  chemi- 
cally pure  glycerin,  p.  330.  Some  specifications  stipulate  that  on 
passing  nitrous  acid  fumes  through  the  glycerin,  it  must  not  curdle, 
it  being  supposed  that  oleic  acid  would  thus  be  detected.1  It  will  be 
found  more  suitable  to  add  hydrochloric  acid  to  one  volume  of 
glycerin  diluted  with  two  volumes  of  water ; a turbidity  would 
indicate  the  presence  of  insoluble  fatty  acids. 

Nitration  and  Separation  Test. — A sample  of  glycerin  may  prove 
satisfactory  in  all  preceding  tests,  and  yet  be  totally  unfit  for  the 
manufacture  of  nitroglycerin.  The  suitability  of  a sample  of  dyna- 
mite glycerin  must  therefore  be  determined  by  the  following  process, 
which  simulates  large-scale  operations.2 

375  grms.  of  a mixture,  consisting  of  one  part  (by  weight)  of 
nitric  acid,  specific  gravity  1 *5,  and  two  parts  (by  weight)  of  sulphuric 
acid,  specific  gravity  1*845,  previously  cooled  down  to  the  ordinary 
temperature  in  a closed  vessel,  are  weighed  off  in  a beaker  of  about 
500  c.c.  capacity.  A thermometer,  which  serves  during  nitration  as 
a stirrer,  is  then  introduced  into  the  acid,  and  the  beaker  is  immersed 
in  a capacious  vessel  filled  with  cold  water,  or,  if  necessary,  with  ice. 
A stream  of  cold  water  is  kept  running  through  the  vessel  by  means 

1 Cp.  Lewkowitsch,  Journ.  Soc.  Chem.  Ind.  1908,  199. 

2 Lewkowitsch,  Chemiker  Zeitung , 1895,  1423  ; Journ.  Soc.  Chem.  Ind.  1895,  1073. 
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of  a stout  india-rubber  tubing,  f"  diameter,  coiled  at  the  bottom  of 
the  vessel.  It  is  very  important  that  the  india-rubber  tubing  should 
be  securely  fastened  to  the  water-tap,  if  the  latter  be  near  the  operator, 
as  it  may  easily  happen  that  if  the  tube  is  thrown  off  the  tap  by  the 
pressure  of  the  water  in  the  pipe,  water  is  splashed  into  the  acid, 
whereby  the  temperature  may  rise  suddenly,  so  that  an  explosion 
ensues.  The  author  uses  1 thin-walled  beakers,  so  that  they  can  be 
rapidly  broken  in  case  the  temperature  rises  to  a point  of  danger ; 
the  rapid  discharge  of  the  mixed  acids  and  nitroglycerin  into  the 
large  mass  of  water  effectively  prevents  an  explosion. 

When  the  temperature  of  the  acids  has  fallen  to  about  12°  to 
15°  C.,  50  grms.  of  the  sample  of  glycerin,  weighed  off  in  a beaker 
having  a spout,  are  allowed  to  fall  into  the  acids,  drop  by  drop.  The 
liquid  is  constantly  stirred  with  the  thermometer,  and  the  tempera- 
ture is  observed  after  the  addition  of  every  single  drop  of  glycerin. 
Considering  the  danger  attending  this  operation,  the  inexperienced 
analyst  should  be  instructed  in  the  carrying  out  of  the  test  by  a 
practised  operator.  If  this  be  not  feasible,  the  safest  plan  is  to  pro- 
ceed in  the  manner  described,  i.e.  add  cautiously  drop  by  drop,  stirring 
all  the  while,  so  that  no  overheating  may  take  place  locally , and  never 
allow  the  temperature  to  exceed  30°  C.  No  addition  of  a further 
drop  of  glycerin  must  be  made  until  the  temperature  has  fallen  below 
25°  C.  (An  experienced  operator  will,  of  course,  proceed  a little 
more  rapidly.) 

When  all  the  glycerin  has  been  introduced  in  this  manner,  the 
mixture  is  stirred  for  a short  period,  until  the  temperature  has  fallen 
to  about  15°  C.,  when  it  is  transferred  to  a separating  funnel,  which 
must  be  absolutely  dry.  The  safest  plan  is  to  rinse  the  funnel  with 
concentrated  sulphuric  acid. 

If  the  dynamite  glycerin  is  of  good  quality,  the  nitroglycerin  formed 
will  rapidly  rise  and  separate  in  a few  minutes  as  an  oily,  somewhat 
turbid  layer  on  the  top  of  the  spent  acids.  The  quicker  the  separa- 
tion into  two  well-defined  layers  takes  place  the  better  is  the  glycerin. 
If  flocculent  matter  be  noticeable  in  the  nitroglycerin  layer,  or  if  the 
separation  be  slow,  and  an  intermediate  layer  of  this  flocculent 
substance  render  the  line  of  separation  indistinct,  the  sample  is  un- 
suitable for  dynamite  making.  In  some  cases,  owing  to  the  nitro- 
glycerin being  honeycombed  with  this  flocculent  substance,  several 
hours  are  required  for  separation.  Such  a glycerin  must,  of  course, 
be  rejected. 

Owing  to  the  somewhat  dangerous  nature  of  this  test  in  an 
analyst’s  laboratory,  the  quantity  of  glycerin  employed  has  been 
gradually  reduced  from  50  to  15  grms.  This  should,  however,  be 
the  lowest  permissible  quantity,  as  the  indications  furnished  by  the 
nitration  test  become  unreliable  if  only  10  grms.  of  glycerin  be 
used.2 

The  quantitative  determination  of  the  yield  of  nitroglycerin  is  con- 

1 Lewkowitsch,  Qhemiker  Zeitung,  1895,  1423  ; Journ.  Soc.  Chem.  Ind.  1895,  1073. 

2 Cp.  F.  Nathan,  Journ.  Soc.  Chem.  Ind.  1908,  193. 
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veniently  combined  with  the  nitration  test.  In  that  case  the  accurate 
quantity  of  glycerin  employed  is  either  determined  by  weighing  back 
the  empty  beaker,  or  the  beaker  is  rinsed  out  with  the  mixture  of  acids 
and  nitroglycerin.  The  former  method  is  the  safer  one.  After 
separation  of  the  nitroglycerin,  the  acid  layer  is  carefully  drawn  off, 
and  the  nitroglycerin  slightly  agitated  without  shaking,  so  that  any 
drops  of  acid  adhering  to  the  vessel  are  made  to  collect.  This  acid 
is  carefully  drawn  off,  and  the  nitroglycerin  washed  once  with  water 
at  35°-40°  C.,  then  once  or  twice  with  a 20  per  cent  solution  of 
sodium  carbonate,  and  then  again  with  water.  The  nitroglycerin 
is  next  transferred  to  a suitable  burette,  in  which  the  adhering 
water  is  made  to  rise  to  the  top.  The  volume  is  read  off,  and 
the  number  of  c.c.  multiplied  by  1*6,  which  is  the  specific  gravity 
of  pure  nitroglycerin  (the  specific  gravity  of  the  product  may 
be  determined  if  desired) ; another  method  is  to  weigh  the  nitro- 
glycerin after  separating  the  water  and  filtering  over  salt  to  remove 
moisture. 

It  is  evident  that  this  process  yields  only  approximate  results, 
especially  so  as  nitroglycerin  is  slightly  soluble  in  water.  The 
method  is,  however,  satisfactory  for  the  commercial  valuation  of 
dynamite  glycerin.  The  yield  of  nitroglycerin  should  be  over 
210  per  cent.  The  quantity  of  nitroglycerin  contained  in  the 
washings  (recovered  on  the  large  scale  by  the  so-called  after- 
separation) is  disregarded.  The  theoretical  yield  of  nitroglycerin 
from  glycerol  is  246*7  per  cent. 

It  is,  of  course,  necessary  to  destroy  the  nitroglycerin.  This  is 
done  best  'by  spreading  out  a sufficient  quantity  of  dry  sawdust  in  a 
moderately  thick  layer  in  an  open  space  (not  too  near  a building), 
and  allowing  the  nitroglycerin  to  drop  from  a separating  funnel 
on  to  it  whilst  the  operator  carries  the  funnel  along  the  sawdust,  so 
as  to  distribute  the  nitroglycerin  in  a slender  continuous  trail,  taking 
care  that  no  pool  is  formed.  By  applying  a lighted  match  to  one 
end  of  the  trail  the  nitroglycerin  will  burn  away  quickly.  The 
waste  acids  should  be  destroyed  in  a similar  manner ; when  these 
are  brought  into  contact  with  sawdust  a violent  reaction  sets  in,  but 
no  explosion  need  be  feared  if  the  nitroglycerin  has  been  separated 
off  carefully. 


Still  Residues  (“Glycerin  Foots”) 

(1)  The  still  residues  from  the  distillation  of  crude  glycerins  low  in 
ash  (see  crude  glycerins  (1)  (2)  (3)  (4),  p.  300)  consist  chiefly  of 
polyglycerols  and  notable  amounts  of  salts,  as  the  mineral  matters 
originally  contained  in  the  crude  material  naturally  accumulate  in  the 
residues.  They  are  used  in  the  manufacture  of  shoe-blacking.  Recently 
Claeszen 1 proposed  their  technical  employment  (in  place  of  glycerin) 
in  the  production  of  plastic  masses  (printing  rollers,  hectograph 
mass),  sizes  for  textiles,  and  for  waterproofing  paper. 

1 German  patent  198,711  ; French  patents  392,884,  393,341. 


320  TECHNOLOGY  OF  MANUFACTURED  OILS,  FATS,  AND  WAXES  cm 


(2)  The  still  residues  from  soap-lye  crude  contain  much  larger 
amounts  of  salts  than  those  described  under  (1).  The  residues 
obtained  in  the  course  of  distillation  retain  such  considerable  amounts 
of  glycerol,  in  addition  to  polyglycerols,  salt,  sodium  carbonate, 
sodium  acetate,  and  sodium  salts  of  other  organic  non-volatile  acids, 
that  the  accumulated  residues  are  worked  up  for  the  recovery  of 
glycerin.  The  residues  are  therefore  boiled  up  with  water,  and  dilute 
hydrochloric  (or  sulphuric)  acid  is  added  to  decompose  carbonate  of 
sodium  and  the  organic  sodium  salts.  The  organic  non-volatile  acids 
collect  on  the  surface  of  the  liquid  as  a resinous  mass,  which 
is  removed.  The  liquor  is  then  filtered  and  concentrated  separately, 
or  is  admixed  to  the  ordinary  soap  lyes.  It  should  be  noted  that 
during  the  concentration  of  these  liquors  acetic  acid  volatilises ; 
it  is  therefore  advisable  to  concentrate  the  lyes  separately  and  distil 
the  recovered  glycerin. 

The  finally  obtained  still  residues  are  too  low  in  content  of 
glycerin  to  be  reworked,  and  are  therefore  employed  for  making 
shoe-blacking,  etc. 

The  proportion  of  glycerol  is  best  determined  by  the  acetin 
method. 


3.  CHEMICALLY"  PURE  GLYCERIN 

The  glycerins  described  under  2 still  contain  a small  amount  of 
impurities,  so  that  they  cannot  be  employed  for  pharmaceutical  and 
dietetic  purposes.  The  once  distilled  glycerin  must  therefore  be 
subjected  to  a second  distillation.  If  the  distillation  is  carried  out 
with  sufficient  care,  the  distillates  yield,  after  concentration  and 
treatment  with  char,  the  chemically  pure  glycerin  of  commerce. 

At  a time  when  the  art  of  preparing  chemically  pure  glycerin  was 
not  so  far  advanced  as  it  is  to-day,  some  chemically  pure  glycerin  was 
manufactured  by  allowing  glycerin  to  crystallise,  and  by  removing 
the  impurities  in  a centrifugal  machine.  This  process  has,  however, 
been  abandoned,  not  only  on  account  of  its  costliness,  but  also 
on  account  of  the  inferiority  of  the  product  as  compared  with 
the  best  brands  of  chemically  pure  glycerin  obtained  by  careful 
distillation,  for  it  was  found  that  the  crystals  were  apt  to  occlude 
impurities. 

Chemically  pure  glycerin  is  obtainable  in  commerce  in  different 
(strengths)  concentrations.  The  commercial  preparations  are  : — 
Chemically  pure  glycerin  of  1‘24  specific  gravity,  chemically  pure 
glycerin  of  1‘25  specific  gravity,  and  chemically  pure  glycerin  of  1*26 
specific  gravity. 

The  chemically  pure  glycerin  of  the  highest  specific  gravity  should 
approach  as  nearly  as  possible  the  chemical  substance  glycerol,  the 
properties  of  which  have  been  described  Yol.  I.  Chap.  III. 

Such  glycerin  is  odourless,  colourless,  has  a pure  sweet  taste,  and 
is  as  free  from  impurities  as  it  is  possible  to  prepare  a substance  on  a 
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large  scale.  The  preparation  demanded  by  the  Pharmacopoeia  is  the 
purest  commercial  article ; it  should  consist  of  glycerol  and  small 
amounts  of  water. 

Provided  the  chemically  pure  glycerin  satisfies  the  qualitative 
tests  described  below,  the  proportion  of  glycerol  can  be  ascertained 
by  merely  determining  the  specific  gravity  of  the  sample. 

The  following  tables  give  the  specific  gravities  of  aqueous  solutions 
of  chemically  pure  glycerin,  as  determined  by  Lenz ,x  Strohmer ,2 
Gerlach ,3  and  Nicol .4 

1 Zeit.f.  analyt.  Chem.  19,  302.  2 Monatshefte  fur  Chemie , 5,  61. 

3 Chemische  Industrie , 7,  281.  4 Pliarm.  Journ.  and  Transact.  1887,  297. 
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Specific  Gravities  of  Aqueous  Solutions  of  Chemically  Pure  Glycerin 


Lenz. 

Strohmer. 

Gerlach. 

Nicol. 

Glycerol. 

Spec.  Grav. 

Spec.  Grav. 

Spec.  Grav. 

Spec.  Grav. 

Spec.  Grav. 

Per  cent. 

i at  12°-14°  C. 

at  17-5“  C. 

at  15°  C. 

at  20°  C. 

at  20°  C. 

Water  at 

Water  at 

Water  at 

Water  at 

Water  at 

12°  C.  = 1. 

17-5°  C.=l. 

15°  C.=l. 

20°  C.  =1. 

20°  C.  = l. 

100 

1-2691 

1-262 

1-2653 

1-2620 

1-26348 

99 

1-2664 

1-259 

1 -2628 

1-2594 

1-26091 

98 

1-2637 

1-257 

1-2602 

1*2568 

1 -25832 

97 

1-2610 

1-254 

1-2577 

1-2542 

1-25572 

96 

1-2584 

1-252 

1-2552 

1-2516 

1-25312 

95 

1-2557 

1-249 

1*2526 

1-2490 

1-25052 

94 

1-2531 

1-246 

1-2501 

1-2464 

1-24790 

93 

1 -2504 

1-244 

1-2476 

1-2438 

1-24526 

92 

1-2478 

1-241 

1-2451 

1-2412 

1-24259 

91 

1-2451 

1*239 

1-2425 

1-2386 

1-23990 

90 

1-2425 

1-236 

1-2400 

1-2360 

1-23720 

89 

1-2398 

1-233 

1-2373 

1 -2333 

1-23449 

88 

1-2372 

1-231 

1-2346 

1-2306 

1-23178 

87 

1-2345 

1-228 

1-2319 

1-2279 

1-22907 

86 

1-2318 

1-226 

1-2292 

1-2252 

1-22636 

85 

1-2292 

1-223 

1 -2265 

1 -2225 

1-22365 

84 

1-2265 

1-220 

1-2238  > 

1-2198 

1-22094 

83 

1-2238 

1-218 

1-2211 

1-2171 

1-21823 

82 

1-2212 

1-215 

1-2184 

1-2144 

1-21552 

81 

1-2185 

1-213 

1-2157 

1-2117 

1-21281 

80 

1-2159 

1-210 

1-2130 

1 -2090 

1-21010 

79 

1-2122 

1-207 

1-2102 

1 -2063 

1 -20739 

78 

1-2106 

1-204 

1-2074 

1-2036 

1 -20468 

77 

1-2079 

1-202 

1-2046 

1-2009 

1-20197 

76 

1-2042 

1-199 

1-2018 

1-1982 

1-19925 

75 

1-2016 

1-196 

1-1990 

1-1955 

1-19653 

74 

1-1999 

1-193 

1-1962 

1-1928 

1-19381 

73 

1-1973 

1-190 

1-1934 

1-1901 

1-19109 

72 

1-1945 

1-188 

1-1906 

1-1874 

1-18837 

71 

1-1918 

1-185 

1*1878 

1-1847 

1-18565 

70 

1-1889 

1-182 

1-1850 

1-1820 

1-18293 

69 

1-1858 

1-179 

1-18020 

68 

1-1826 

1-176 

1-17747 

67 

1-1795 

1-173 

1-17474 

66 

1-1764 

1-170 

1-17201 

65 

1-1733 

1-167 

i-ini 

1-1685 

1-16928 

64 

1-1702 

1-163 

1-16654 

63 

1-1671 

1-160 

... 

1-16380 

62 

1-1640 

1-157 

1-16107 

61 

1-1610 

1-154 

1-15834 

60 

1-1582 

1-151 

1-1570 

1 1550 

1-15561 

59 

1-1556 

1-149 

1-15288 

58 

1-1530 

1T46 

1-15015 

57 

1-1505 

1-144 

1-14742 

56 

1T480 

1-142 

1-14469 

55 

1-1455 

1-140 

1-1430 

1-1415 

1-14196 

54 

1-1430 

1-137 

1-13923 

53 

1-1403 

1-135 

1-13650 

52 

1-1375 

1-133 

1-13377 

51 

1-1348 

1-130 

1-13104 

50 

1-1320 

1-128 

1-1290 

l*i*280 

1-12831 

45 

1-1183 

1-1155 

1-1145 

1-11469 

40 

1-1045 

1-1020 

1-1010 

1-10118 

35 

1-0907 

• . . 

1-0885 

1-0875 

1-08786 

30 

1-0771 

• • • 

1-0750 

1 -0740 

1-07469 

25 

1-0635 

... 

1-0620 

1-0610 

1-06166 

20 

1 -0498 

1-0490 

1-0480 

1-04884 

15 

1-0374 

1-03622 

10 

1-0245 

... 

1-0245 

1-0235 

1 02391 

5 

1-0123 

... 

1-01184 

0 

1-0000 

1 *0000 

1 -oooo 

1-00000 
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The  purity  of  the  specimen  of  chemically  pure  glycerin  used  by 
Lenz  for  his  determinations  was  ascertained  by  ultimate  analysis. 
Strohmer  employed  crystallised  glycerin  freed  from  water  by  repeated 
pressing  between  folds  of  filter -paper.  Gerlach  prepared  his  most 

concentrated  glycerin  by  boiling  down  a chemically  pure  glycerin  of 
specific  gravity  1*220,  until  it  reached  a temperature  of  290°  C., 
when  the  boiling  point  remained  constant. 

The  specific  gravities  of  aqueous  solutions  for  each  degree  below 
50  per  cent  are  given  in  the  tables,  pp.  326,  327. 

Specific  gravities  found  at  temperatures  other  than  those  given  in 
the  table  may  be  corrected  with  the  aid  of  the  numbers  contained  in 
the  following  table  ( Gerlach ) : — 


Expansion  of  Aqueous ‘Solutions  of  Glycerin.  Volume  at  0C  C.  = 10,000 


Glycerol 

Volume 
at  0°  C. 

Volume 
at  10°  C. 

Volume 
at  20*  C. 

Volume 
at  30*  C. 

Per  cent. 
0 

10,000 

10,001*3 

10,016*0 

10,041*5 

10 

10,000 

10,010 

10,030 

10,059 

20 

10,000 

10,020 

10,045 

10,078 

30 

10,000 

10,025 

10,058 

10,067 

10,097 

40 

10,000 

10,030 

10,111 

60 

10,000 

10,034 

10,076 

10,124 

60 

10,000 

10,038 

10,084 

10,133 

70 

10,000 

10,042 

10,091 

10,143 

80 

10,000 

10,043 

10,092 

10,144 

90 

10,000 

10,045 

10,095 

10,148 

100 

10,000 

10,045 

10,096 

10,150 

The  numbers  for  other  temperatures  are  found  by  interpolation. 
For  temperatures  lying  between  15°  and  20°  C.  the  specific  gravity 
can  be  calculated  from  the  numbers  given  by  Gerlach  (table,  p.  322) 
by  means  of  the  following  formula : — 

t - 15. 

S<  = Sl  + -5—  (*2“*l)» 

where 

Sj  is  the  specific  gravity  of  the  glycerin  at  15°  C.  Water  at  15°  C.  =1. 
s2  ,,  „ „ 20°  C.  „ 20°  C.  =1. 

Sf  , , ,,  ,,  t C.  , , t C. = 1. 


A few  of  the  numbers  contained  in  the  tables,  pp.  322,  327,  have 
been  controlled  by  ultimate  analysis  by  Morawski.1  His  results  show 
that  Lenz’s  figures  are,  as  a rule,  a little  too  low,  and  Strohmer’s  a 
little  too  high,  whereas  Gerlach’s  and  Skalweit’s  values  agree  both 
amongst  themselves  and  with  the  results  of  elementary  analysis. 

1 Chem.  Zeit.  13,  431.  It  may  be  added  here  that  Morawski  s method  of  determining 
the  percentage  of  glycerol  by  means  of  lead  oxide  has  been  shown  by  Lewkowitsch 
to  yield  unreliable  results.  {Chem.  Zeit.  1889,  94.  Cp.  also  Chem.  Anal,  of  Oils,  Fats, 
and  Waxes,  2nd  edition,  1898,  p.  801.) 
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The  specific  gravity  of  the  sample  is  determined  by  the  methods 
described  Vol.  I.  Chap.  V.  In  the  case  of  the  most  concentrated 
glycerin  a slight  complication  arises  if  air  bubbles  become  entangled 
in  the  liquid,  as  they  rise  only  very  slowly  to  the  top  of  the  viscous 
liquid  at  the  ordinary  temperature.  If  the  hydrostatic  balance  be 
used,  as  is  stipulated  in  many  contracts  (especially  for  dynamite 
glycerin,  p.  316),  the  determination  may  require  hours.  Air  bubbles 
are  avoided  by  pouring  the  glycerin,  carefully  held  in  a slightly 
inclined  position,  along  the  side  of  the  cylinder  (of  the  hydrostatic 
balance). 

Hehner 1 recommends  to  fill  a Sprengel  tube  with  the  glycerin  at  a 
higher  temperature  than  the  ordinary  one  with  the  aid  of  the  filter- 
pump,  and  then  to  immerse  the  tube  in  water  of  the  normal  tempera- 
ture; for  any  other  temperature  a correction  of  0'00058  for  each 
degree  centigrade  must  be  made.  By  means  of  this  factor  Richmond 
calculated  the  numbers  given  by  Lenz  to  15  *5°  C. : — 


Glycerol. 

Specific  Gravity 
at  15-5*  C. 

Glycerol. 

Specific  Gravity 
at  15-5°  C. 

Per  cent. 
100 

1-2674 

Per  cent. 

87 

1-2327 

99 

1-2647 

86 

1-2301 

98 

1-2620 

85 

1-2274 

97 

1-2594 

84 

1-2248 

96 

1-2567 

83 

1-2222 

95 

1-2540 

82 

1-2196 

94 

1-2513 

81 

1-2169 

93 

1-2486 

80 

1-2143 

92 

1-2460 

79 

1-2117 

91 

1-2433 

78 

1-2090 

90 

1-2406 

77 

1-2064 

89 

1-2380 

76 

1-2037 

88 

1-2353 

75 

1-2011 

! 

The  author  prefers  the  following  method  : — The  sample  is  warmed 
in  a closed  bottle  by  immersing  in  warm  water  until  the  liquid  has  be- 
come perfectly  free  from  air  bubbles.  The  glycerin  is  allowed  to  cool 
in  the  closed  bottle,  preferably  to  the  normal  temperature,  and  then 
carefully  transferred  to  an  ordinary  specific  gravity  bottle  provided 
with  a perforated  stopper.  After  this  has  been  pushed  home,  the 
minute  drop  of  glycerin  squeezed  out  is  wiped  off  with  a linen  cloth 
and  the  bottle  is  taken  out  of  the  water-bath.  A number  of  com- 
parative experiments,  in  which  those  made  with  the  Sprengel  tube 
were  considered  the  standard,  proved  that  the  specific  gravities  are 
correct  to  the  fourth  decimal  if  the  weights  are  reduced  to  vacuum. 
Complicated  calculation  is  avoided  by  determining  once  for  all  the 
necessary  corrections  for  the  picnometer.  Suppose  p be  the  weight 
in  air,  then  the  correct  weight,  P,  will  be 

P =p  + 


1 Journ.  Soc.  Ghem.  Ind.  1889,  8. 
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If  brass  weights  are  used,  the  correction,  R,  for  the  usual  range  of 
specific  gravities  is  found  from  the  following  table  1 : — 


Correction  for  Weights  “ in  vacuo 


Specific  Gravity. 
1-00 
1-02 
1-04 
1-06 
1-08 
1-10 
1*15 
1-20 
1-25 
1-30 


R. 

0*00106 

0-00103 

0-00101 

0-00099 

0-00097 

0-00095 

0-00090 

0-00086 

0-00082 

0-00078 


.•*  Refractive  Index. — The  percentage  of  glycerol  in  a sample  can  be 
ascertained  rapidly  and  with  accuracy  by  means  of  the  refractometer. 

The  numbers  given  in  the  following  tables,  due  to  Lenz,  Strohmer, 
and  Skalweit,2  were  determined  with  Abie's  refractometer.  According 
to  Lenz , the  several  observations  agree  amongst  each  other  to  a few 
units  of  the  fourth  decimal,  whilst  the  difference  in  the  refractive 
indices  corresponding  to  1 per  cent  of  glycerin  amounts  to  13’5  units 
of  the  fourth  decimal.  By  reference  to  the  tables,  the  percentage  of 
glycerol  in  a sample  can  therefore  be  determined  accurately  to  about 
0‘5  per  cent. 

For  dilute  aqueous  solutions  of  glycerol  an  “ immersion-refracto- 
meter”  (see  Yol.  I.  Chap.  Y.)  may  be  used. 

1 Lanclolt,  Optisches  Drehungsvermogen,  1st  eel.,  p.  131. 

2 Repert.  Anal.  Chem.  5,  18. 
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Specific  Gravities  and  Refractive  Indices  of  Aqueous  Solutions  of 
Chemically  Pure  Glycerin  ( Lenz ) 


Glycerol. 

Sp.  Gr.  at 
12“-14°  C. 

Ref.  Ind. 
at  12-5°- 
12-8°  O. 

Glycerol. 

Sp.  Gr.  at 
12°-14°  C. 

Ref.  Ind. 
at  12-5"- 
12-8°  C. 

Glycerol. 

Sp.  Gr.  at 
12°-14°  C. 

Ref.  Ind. 
at  12-5°- 
12-8°  C. 

Per  cent. 

Per  cent. 

Per  cent. 

100 

1-2691 

1-4758 

66 

1-1764 

1-4249 

32 

1-0825 

1-3745 

99 

1-2664 

1-4744 

65 

1-1733 

1-4231 

31 

1-0798 

1-3732 

98 

1-2637 

1-4729 

64 

1-1702 

1-4213 

30 

1-0771 

1-3719 

97 

1-2610 

1-4715 

63 

1-1671 

1-4195 

29 

1-0744 

1-3706 

96 

1-2584 

1*4700 

62 

1T640 

1-4176 

28 

1-0716 

1-3692 

95 

1-2557 

1-4686 

61 

1-1610 

1-4158 

27 

1-0689 

1-3679 

94 

1-2531 

1-4671 

60 

1-1582 

1-4140 

26 

1-0663 

1-3666 

93 

1-2504 

1-4657 

59 

1-1556 

1-4126 

25 

1-0635 

1-3652 

92 

1-2478 

1-4642 

58 

1-1530 

1-4114 

24 

1-0608 

1 -3639 

91 

1-2451 

1-4628 

57 

1T505 

1-4102 

23 

1-0580 

1-3626 

90 

1-2425 

1-4613 

56 

1-1480 

1-4091 

22 

1-0553 

1-3612 

89 

1-2398 

1-4598 

55 

1-1455 

1-4079  i 

21 

1-0525 

1-3599 

88 

1-2372 

1-4584 

54 

1-1430 

1-4065  , 

20 

1-0498 

1-3585 

87 

1-2345 

1 -4569 

53 

1-1403 

1-4051 

19 

1-0471 

1-3572 

86 

1-2318 

1-4555 

52 

1-1375 

1-4036 

18 

1-0446 

1-3559 

85 

1-2292 

1-4540 

51 

1-1348 

1-4022 

17 

1-0422 

1-3546 

84 

1-2265 

1-4525 

50 

1-1320 

1-4007 

16 

1-0398 

1-3533 

83 

1 -2238 

1-4511 

49 

1-1293 

1-3993 

15 

1-0374 

1-3520 

82 

1-2212 

1-4496 

48 

1-1265 

1 -3979 

14 

1-0349 

1-3507 

81 

1-2185 

1-4482 

47 

1-1238 

1-3964 

13 

1-0332 

1-3494 

80 

1-2159 

1-4467 

46 

1-1210 

1-3950 

12 

1-0297 

1-3480 

79 

1-2122 

1-4453 

45 

1-1183 

1 -3935 

11 

1-0271 

1-3467 

78 

1-2106 

1-4438 

44 

1-1155 

1-3921 

10 

1-0245 

1-3454 

77 

1-2079 

1-4424 

43 

1-1127 

1 -3906 

9 

1-0221 

1-3442 

76 

1-2042 

1-4409 

42 

1-1100 

1-3890 

8 

1-0196 

1-3430 

75 

1-2016 

1-4395 

41 

1-1072 

1-3875 

7 

1-0172 

1-3417 

74 

1-1999 

1 -4380 

40 

1-1045 

1-3860 

6 

1-0147 

1-3405 

73 

1T973 

1-4366 

39 

1T017 

1-3844 

5 

1-0123 

1-3392 

72 

1-1945 

1-4352 

38 

1-0989 

1-3829 

4 

1-0098 

1-3380 

71 

1-1918 

1-4337 

37 

1-0962 

1-3813 

3 

1-0074 

1-3367 

70 

1-1889 

1-4321 

36 

1-0934 

1-3798 

2 

1-0049 

1-3355 

69 

1*1858 

1-4304 

35 

1-0907 

1-3785 

1 

1-0025 

1-3342 

68 

1-1826 

1-4286 

34 

1-0880 

1-3772 

67 

1-1795 

1-4267 

33 

1-0852 

1-3758 
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Specific  Gravities  and  Refractive  Indices  of  Aqueous  Solutions  of 
Chemically  Pure  Glycerin  ( Strohmer ) 


Glycerol. 
Per  cent. 

Sp.  Gr.  at 
17-5*  C. 

Ref.  Ind. 
at  17-5*  C. 

Glycerol. 
Per  cent. 

Sp.  Gr.  at 
17-5*  C. 

Ref.  Ind. 
at  17-5*  C. 

Glycerol. 
Per  cent. 

Sp.  Gr.  at 
17-5*  C. 

Ref.  Ind. 
at  17-5’  C. 

100 

1-262 

1-4727 

83 

1-218 

1-4478 

66 

1-170 

1-4206 

99 

1-259 

1-4710 

82 

1-215 

1-4461 

65 

1-167 

1-4189 

98 

1-257 

1-4698 

81 

1-213 

1 -4449 

64 

1T63 

1-4167 

97 

1-254 

1-4681 

80 

1-210 

1-4432 

63 

1T60 

1-4150 

96 

1-252 

1-4670 

79 

1-207 

1-4415 

62 

1-157 

1-4133 

1 95 

1-249 

1-4653 

78 

1-204 

1-4398 

61 

1-154 

1-4116 

94 

1-246 

1-4636 

77 

1-202 

1-4387 

60 

1-151 

1-4099 

93 

1-244 

1-4625 

76 

1-199 

1-4370 

59 

1-149 

1-4087 

92 

1-241 

1-4608 

75 

1-196 

1-4353 

58 

1-146 

1-4070 

91 

1-239 

1-4596 

74 

1-193 

1-4336 

57 

1-144 

1-4059 

90 

1-236 

1-4579 

73 

1-190 

1-4319 

56 

1-142 

1-4048 

89 

1-233 

1-4563 

72 

1-188 

1-4308 

55 

1-140 

1-4036 

88 

1-231 

1-4551 

71 

1-185 

1-4291 

54 

1-137 

1-4019 

87 

1-228 

1-4534 

70 

1-182 

1-4274 

53, 

1-135 

1-4008 

86 

1-226 

1-4523 

69 

1-179 

1-4257 

52 

1-133  . 

1-3997 

85 

1-223 

1-4506 

68 

1-176 

1-4240 

51 1 

1-130' 

1-3980 

84 

1-220 

1-4489 

67 

1-173 

1-4223 

50 

1-128 

1-3969 

Specific  Gravities  and  Refractive  Indices  of  Aqueous  Solutions  of 
Chemically  Pure  Glycerin  ( Skalweit ) 


Glycerol. 
Per  cent. 

Sp.  Gr. 
at  15*  O. 

%] at 

15*  C.1 

Glycerol. 
Per  cent. 

Sp.  Gr. 
at  15*  C. 

a[D]  at 
15*  C. 

Glycerol. 
Per  cent. 

Sp.  Gr. 
at  15*  C. 

n^ab 
15*  C. 

0 

1-0000 

1-3330 

34 

1-0858 

1-3771 

68 

1-1799 

1-4265 

1 

1 0024 

1-3342 

35 

1-0885 

1-3785 

69 

1-1827 

1-4280 

2 

1-0048 

1-3354 

36 

1-0912 

1-3799 

70 

1-1855 

1-4295 

3 

1-0072 

1-3366 

37 

1-0939 

1-3813 

71 

1T882 

1-4309 

4 

1-0096 

1-3378 

38 

1-0966 

1-3827 

72 

1-1909 

1-4324 

5 

1-0120 

1-3390 

39 

1-0993 

1-3840 

73 

1T936 

1-4339 

6 

1-0144 

1*3402 

40 

1*1020 

1-3854 

74 

1-1963 

1-4354 

7 

1-0168 

1-3414 

41 

1-1047 

1-3868 

75 

1-1990 

1-4369 

8 

1-0192 

1-3426 

42 

1-1074 

1-3882 

76 

1-2017 

1-4384 

9 

1-0216 

1-3439 

43 

1-1101 

1-3896 

77 

1-2044 

1-4399 

10 

1-0240 

1-3452 

44 

1-1128 

1-3910 

78 

1-2071 

1-4414 

11 

1-0265 

1-3464 

45 

1-1155 

1-3924 

79 

1-2098 

1-4429 

12 

1-0290 

1-3477 

46 

1-1182 

1-3938 

80 

1-2125 

1-4444 

13 

1-0315 

1-3490 

47 

1-1209 

1-3952 

81 

1-2152 

1*4460 

14 

1-0340 

1-3503 

48 

1-1236 

1-3966 

82 

1-2179 

1-4475 

15 

1-0365 

1-3516 

49 

1T263 

1-3981 

83 

1*2206 

1-4490 

16 

1-0390 

1-3529 

50 

1-1290 

1-3996 

84 

1-2233 

1-4505 

17 

1-0415 

1-3542 

51 

1-1318 

1-4010 

85 

1-2260 

1-4520 

18 

1-0440 

1-3555 

52 

1-1346 

1-4024 

86 

1-2287 

1-4535 

19 

1-0465 

1-3568 

53 

1-1374 

1-4039 

87 

1-2314 

1-4550 

20 

1-0490 

1-3581 

54 

1-1402 

1-4054 

88 

1-2341 

1-4565 

21 

1-0516 

1 -3594 

55 

1-1430 

1-4069 

89 

1-2368 

1-4580 

22 

1-0542 

1-3607 

56 

1-1458 

1-4084 

90 

1-2395 

1-4595 

23 

1-0568 

1-3620 

57 

1-1486 

1-4099 

91 

1-2421 

1-4610 

24 

1-0594 

1-3633 

58 

1-1514 

1-4104 

92 

1-2447 

1-4625 

25 

1-0620 

1-3647 

59 

1T542 

1-4129 

93 

1-2473 

1-4640 

26 

1-0646 

1 -3660 

60 

1-1570 

1-4144 

94 

1-2499 

1-4655 

27 

1-0672 

1-3674 

61 

1-1599 

1-4160 

95 

1-2525 

1-4670 

28 

1-0698 

1-3687 

62 

1-1628 

1-4175 

96 

1-2550 

1-4684 

29 

1-0724 

1-3701 

63 

1-1657 

1-4190 

97 

1 -2575 

1-4698 

30 

1-0750 

1-3715 

64 

1-1686 

1-4205 

98 

1 -2600 

1-4712 

31 

1-0777 

1-3729 

65 

1T715 

1 -4220 

99 

1 -2625 

1-4728 

32 

1-0804 

1-3743 

66 

1-1743 

1 -4235 

100 

1-2650 

1-4742 

33 

1-0831 

1-3757 

67 

1-1771 

1-4250 

«[D1  is  the  refractive  index  for  the  sodium  line  D. 
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It  must  be  distinctly  understood  that  the  numbers  given  for  the 
refractive  indices  hold  good  only  for  the  stated  temperatures.  The 
variations  due  to  changes  of  temperature  may  be  gathered  from 
the  following  table  : — 


Specific  Gravity. 

Variation  of  Refractive 
Index  for  1°  C. 

Observer. 

1-25350 

0-00032 

Listing. 

1-24049 

0-00025 

Van  der  Willigen 

1-19286 

0-00023 

9 9 

1-16270 

0-00022 

99 

1-11463 

0-00021 

The  variation  in  the  case  of  pure  water  is  0*00008  for  1°  C. 

With  a view  to  eliminating  slight  errors  due  to  the  adjustment 
of  the  instrument,  Lenz  recommends  to  take  the  refractive  index  of 
water  immediately  after  the  sample  of  glycerine  has  been  examined, 
of  course  at  the  same  temperature.  Thus  the  numbers  given  in  the 
following  table  were  obtained  : — 


Differences  between  the  Refractive  Indices  of  Aqueous  Solutions  of  Chemically 
Pure  Glycerin  and  of  Pure  JVater  (Lenz) 


Glycerol 

%>] 

Glycerol 

-%>] 

Water. 

Glycerol 

Glycerol 

Water. 

Glycerol 

n[D] 

Glycerol 

"%>] 

Water. 

Glycerol 

^[D] 

Glycerol 

Water. 

Per  cent. 

Per  cent. 

1 Per  cent. 

Per  cent. 

100 

0-1424 

74 

0-1046 

48 

0-0645 

22 

0-0288 

99 

0-1410 

73 

0-1032 

47 

0-0630 

21 

0-0275 

98 

0-1395 

72 

0-1018 

46 

0-0616 

20 

0*0261 

97 

0-1381 

71 

0-1003 

45 

0-0601 

19 

0-0238 

96 

0-1366 

70 

0-0987 

44 

0*0587 

18 

0-0225 

95 

0*1352 

69 

0-0970 

43 

0-0572 

17 

0*0212 

94 

0-1337 

68 

0-0952 

42 

0-0556 

16 

0-0199 

93 

0-1323 

67 

0-0933 

41 

0*0541 

15 

0-0186 

92 

0*1308 

66 

0-0915 

40 

0*0526 

14 

0-0173 

91 

0-1294 

65 

0-0897 

39 

0-0510 

13 

0-0160 

90 

0-1279 

64 

0-0889 

38 

0-0495 

12 

0-0146 

89 

0*1264 

63 

0-0861 

37 

0-0479 

11 

0-0133 

88 

0-1250 

62 

0-0842 

36 

0-0464 

10 

0-0120 

87 

0-1235 

61 

0-0824 

35 

0*0451 

9 

0-0108 

86 

0-1221 

60 

0-0806 

34 

0-0438 

8 

0-0096 

85 

0-1206 

59 

0-0792 

33 

0-0424 

7 

0-0083 

84 

0-1191 

58 

0-0780 

32 

0-0411 

6 

0-0071 

83 

0-1177 

57 

0-0768 

31 

0-0398 

5 

0-0058 

82 

0-1162 

56 

0-0757 

30 

0-0385 

4 

0-0046 

81 

0-1148 

55 

0-0745 

29 

0-0372 

3 

0-0033 

80 

0-1133 

54 

0-0731 

28 

0-0358 

2 

0*0021 

79 

0-1119 

53 

0*0717 

27 

0-0345 

1 

0-0008 

78 

0-1104 

52 

0-0702 

26 

0-0332 

0 

o-oooo 

77 

0-1090 

51 

0-0688 

25 

0*0318 

76 

0-1075 

50 

0-0663 

24 

0*0315 

75 

■0-1061 

49 

0-0659 

23 

0*0302 
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In  the  case  of  the  dilute  solutions  of  chemically  pure  glycerin, 
the  numbers  given  in  the  preceding  tables,  as  corresponding  to  the 
specific  gravity  and  refractive  index,  indicate  the  percentage  com- 
position less  accurately  than  do  the  methods  described  Yol.  I. 
Chap.  VI. 

Henkel  and  Rotli1  determined,  therefore,  the  specific  gravities  of 
four  gravimetrically  prepared  solutions  of  chemically  pure  glycerin 
(varying  from  4*9905  to  19*3306  per  cent  of  glycerol),  and  calculated 
with  the  aid  of  interpolation  formulae  the  numbers  contained  in  the 
following  table  : — 


Specific  Gravities  of  Dilute  Solutions  of  Chemically  Rare  Glycerin 


Glycerol. 

Specific  Gravity 
at  15-4°  C. 

Specific  Gravity 
at  20-4°  C. 

Specific  Gravity 
at  25-4°  C. 

Per  cent. 
1 

1*00152 

1-00059 

0-99939 

2 

1-00398 

1-00295 

1-00172 

3 

1*00633 

1-00532 

1-00407 

4 

1-00877 

1-00770 

1-00642 

5 

1-01118 

1-01009 

1-00876 

6 

1-01359 

1-01248 

1-01115 

7 

1-01606 

1-01488 

1-01353 

8 

1-01851 

1-01731 

1-01591 

9 

1-02097 

1-01973 

1-01832 

10 

1-02344 

1-02217 

1-02073 

11 

1-02592 

1-02462 

1-02315 

12 

1-02841 

1-02752 

1-02559 

13 

1-03096 

1-02593 

1-02802 

14 

1-03341 

1-03201 

1-03047 

15 

1-03592 

1-03449 

1 -03293 

16 

1-03844 

1-03698 

1-03540 

17 

1-04087 

1-03948 

1-03788 

18 

1-04351 

1-04199 

1-04037 

19 

1-04605 

1-04451 

1-04287 

20 

1-04861 

1-04714 

1-04638 

In  the  case  of  samples  of  really  chemically  pure  glycerin  the 
oxidation  methods  should  yield  theoretical  results ; but  if  minute 
quantities  of  organic  impurities  have  remained  in  the  product,  the 
percentage  of  glycerol  will  be  found  too  high.  This  is  shown  by  the 
following  two  analyses  of  a commercial  “ chemically  pure  ” glycerin 
(Lewkowitsch 2) : — 


Comparison  of  the  Acetin  and  Bichromate  Methods 


Acetin  Method. 

Bichromate  Method. 

Chemically  pure  glycerin,  specific 
gravity  1-2618. 

99-04  ; 99-17 

101-00  ; 101-9 

1 Ze.it.  /.  angew.  Chemie,  1905,  1936.  2 Analyst,  1903,  105. 
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In  case  the  acetin  method  be  resorted  to,  about  1 gram  of  the 
substance  is  taken,  and  a somewhat  larger  excess  of  acetic  anhydride 
than  usual  must  be  used  in  order  to  ensure  complete  esterification. 

Ash. — Theoretically,  the  proportion  of  ash  should  be  nil,  but 
as  the  last  traces  of  metals  cannot  be  removed  from  a product 
manufactured  on  a large  scale,  minute  amounts  of  ash  will  always 
be  found.  The  table  given,  p.  331,  shows  the  ash  ascertained  in  a 
number  of  commercial  chemically  pure  glycerins.  These  numbers 
will  afford  guidance  in  judging  as  to  whether  in  any  given  case  the 
permissible  maximum  has  been  exceeded. 

The  ash  may  contain  traces  of  sodium  chloride.  Lime  and  lead 
are  not  met  with  at  present  in  chemically  pure  glycerins.  The  ash 
will  chiefly  contain  copper  or  iron.  The  presence  of  iron  is  best 
ascertained  by  treating  the  glycerin  with  a dilute  solution  of  tannin. 

Organic  Impurities.1 — The  presence  of  organic  impurities  is  due 
to  faulty  manufacture.  They  may  either  consist  of  acrolein  and 
volatile  fatty  acids,  such  as  butyric  acid , or  of  substances  having  a 
higher  boiling  point  than  glycerol  itself.  The  latter  substances  may 
be  comprised  under  the  name  poly  glycerols.  Organic  bases  are  not 
likely  to  be  found  in  a chemically  pure  glycerin,  as  the  taste  alone 
would  lead  to  the  rejection  of  such  glycerin. 

A rapid  “ practical  ” test  for  volatile  fatty  acids  is  to  spread  a few 
drops  of  the  sample  on  the  back  of  the  hand,  and  rub  it  gently  into 
the  skin.  No  smell  of  acrolein  or  butyric  acid  should  be  then  notice- 
able. A more  reliable  method  is  to  mix  the  sample  with  alcohol 
and  concentrated  sulphuric  acid,  and  heat  it  over  a flame.  In  the 
presence  of  butyric  acid  the  characteristic  smell  of  ethyl  butyrate, 
recalling  that  of  pine  apples,  will  be  noticed. 

Acrolein  (as  also  any  other  reducing  substance  that  may  be 
present)  is  best  detected  by  adding  a few  drops  of  a silver  nitrate 
solution  to  an  aqueous  solution  of  the  sample.  No  blackening  or 
browning  should  appear  after  standing  twenty -four  hours  at  the 
ordinary  temperature  (see  Appendix). 

The  German  Pharmacopoeia,  edit,  iii.,  prescribed  the  silver  test  in 
the  following  form  : — Heat  1 c.c.  of  glycerin  with  1 c.c.  of  ammonia 
to  boiling,  and  add  three  drops  of  silver  nitrate  solution.  No  dis- 
colouration should  be  noticeable  within  five  minutes.  This  test  was 
originally  intended  to  detect  the  presence  of  arsenic,  but  it  is  absolutely 
unreliable  for  this  purpose.  It  is  also  worthless  for  the  detection  of 
other  impurities,  as  so  much  depends  on  the  mode  of  operating,  that, 
on  the  one  hand,  an  impure  glycerin  (one  that  has  not  even  been 
distilled)  may  conform  to  the  test,  whereas,  on  the  other  hand,  a pure 
glycerin  is  liable  to  be  rejected.  At  the  temperature  of  boiling  water 
a mixture  of  glycerol  and  silver  nitrate  does  become  reduced  at  once 
after  addition  of  ammonia  (see  Vol.  I.  Chap.  III.).  If,  according 
to  the  directions  of  the  Pharmacopoeia,  such  an  enormous  excess  of 
ammonia  be  mixed  with  glycerol,  ebullition  of  the  liquid  may  take 
place  before  the  temperature  of  100°  C.  is  reached,  and  in  that  case 
1 Lewkowitsch,  Year-Book  of  Pharmacy,  1890,  382. 
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the  subsequently  added  silver  nitrate  will  not  be  reduced.1  This 
method  must  therefore  be  rejected. 

From  these  remarks  it  will  be  understood  that  the  silver  nitrate 
test  can  be  made  far  more  sensitive  if  a cold  ammoniacal  silver  nitrate 
solution  be  used  in  place  of  neutral  silver  nitrate.  Even  the  minutest 
traces  of  organic  impurities,  such  as  acrolein  or  organic  bases,  are 
thus  detected. 

Acrolein  may  be  also  detected  by  one  of  the  tests  described 

Yol.  I.  Chap.  III. 

Sugar. — When  glycerin  is  high  in  price  adulteration  with  sugar 
(cane  sugar  or  glucose)  occurs.  The  presence  of  sugars  is  detected 
by  polarimetric  examination. 

Polyglycerols 2 are  detected  and  determined  by  allowing  an 
accurately  weighed  quantity  of  the  sample  to  evaporate  gently  at 
160°  C.  Care  should  be  taken  not  to  heat  too  rapidly,  otherwise 
even  the  purest  glycerin  may  become  polymerised  with  the  production 
of  the  very  substances  that  are  to  be  detected.  From  the  weight  of  the 
residue  the  weight  of  ash,  subsequently  found  on  incineration,  must  be 
deducted.  The  difference  (the  “ organic  residue  ”)  is  a fair  indication 
of  the  care  with  which  the  glycerin  has  been  manufactured. 

The  following  table  gives  the  “ organic  residue  ” and  ash  of  a 
number  of  “ chemically  pure  glycerins  ” examined  in  the  author’s 
laboratory ; 2 they  are  arranged  according  to  the  amount  of  organic 
residue  they  contain  : — 


Organic  Residue  and  Ask  in  Commercial  Chemically  Pure  Glycerins 
( LewJcowitsch ) 


No. 

Residue  at  160*  C. 

Ash. 

Organic  Residue. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

0*03033 

0-00603 

0-0243 

2 

0*0276 

0-00300 

0-0246 

3 

0-0377 

0-005 

0-0327 

4 

0-0498 

0-0138 

0*0360 

5 

0-0452 

0-0081 

0-0371 

6 

0-0509 

0-0066 

0-0443 

7 

0-0656 

0-0139 

0-0517 

8 

0-0748 

0-0140 

0-0738 

9 

0-0905 

0-0154 

0-0751 

10 

0-1047 

0-0190 

0-0857 

11 

0*1236 

0-0305 

0-0931 

12 

0-1621 

0-0183 

0-1438 

13 

0-8060 

0-2090 

0-5970 

Kules  for  the  valuation  of  commercial  chemically  pure  glycerins 
may  be  derived  from  this  table.  The  first  six  samples  certainly 

1 It  may  be  mentioned  that  this  Pharmacopoeia  test  met  with  a strong  protest  on  the 
part  of  a number  of  German  glycerin  manufacturers,  who  declared  in  a circular  that  they 
could  not  supply  an  article  satisfying  this  test. 

2 Lewkowitsch,  Year-Book  of  Pharmacy , 1890,  382. 
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deserve  the  name  of  chemically  pure  glycerin,  the  following  four 
samples  represent  lower  qualities  unfit  for  pharmaceutical  purposes, 
whereas  the  last  two  samples  are  merely  glycerins  refined  by  distilla- 
tion ; the  last  sample  would  be  rejected  as  unsuitable  even  by 
dynamite  makers. 

Sample  No.  2 represents  chemically  pure  glycerin  manufactured 
by  the  author  on  a large  scale  from  soap-lye  glycerin. 

One  of  the  most  important  tests  in  the  examination  of  chemically 
pure  glycerin  is  the  test  for  Arsenic. 

This  metal  should  be  wholly  absent.  It  should  be  borne  in  mind 
that  if  once  arsenic  has  found  its  way  into  glycerin,  it  cannot  be 
removed  by  the  usual  processes  of  refining,1  as  glycyl  arsenite, 
As03(C3H5),  the  substance  formed  when  arsenious  acid  is  dissolved  in 
glycerin,  distils  over  with  the  latter  (Vol.  I.  Chap.  III.).  Hence 
many  commercial  brands  are  contaminated  with  arsenic,  some  to  such 
an  extent  that  they  are  decidedly  harmful  when  used  for  medicinal 
preparations,  or  otherwise  taken  internally. 

A rapid  and  extremely  sensitive  test  for  arsenic  is  Gutzeifs  test : — 

Place  2 c.c.  of  the  sample  in  a high  test-tube ; add  some  zinc,  free 
from  arsenic,  and  a few  c.c.  of  pure  dilute  sulphuric  acid.  The  test- 
tube  is  then  covered  with  a tightly-fitting  cap  of  filter-paper,  two 
or  three  layers  thick,  the  innermost  layer  having  been  previously 
moistened,  by  the  aid  of  a glass  rod,  with  a 50  per  cent  solution  of 
silver  nitrate.  In  presence  of  arsenic  arseniuretted  hydrogen  is 
given  off.  After  ten  minutes’  standing  the  paper  cap  is  taken  off  and 
examined.  No  deep  yellow  stain  must  be  noticeable  on  the  inner 
fold ; only  a slight  yellowish  colouration  may  be  permissible.  The 
yellow  compound  formed  if  arsenic  be  present  consists,  as  Poleck  and 
Thimmel 2 have  shown,  of  the  double  salt  AsAg3(AgN03)3.  This  salt 
is  decomposed  by  three  molecules  of  water  into  As(OH)3  + 3HN03  + 
6Ag.  Hence  the  yellow  stain  rapidly  disappears,  if  moisture  be 
present,  or  even  if  too  much  water  vapour  be  developed  from  the  test 
solution,  in  which  case  the  paper  cap  becomes  black  through  separation 
of  metallic  silver.  It  is  not  advisable  to  use  hydrochloric  acid,  as  if 
the  solution  becomes  too  hot  and  is  too  concentrated,  hydrochloric 
acid  gas  may  be  given  off,  when  the  formation  of  silver  chloride 
masks  the  yellow  colour.  Poleck  and  Thiimmel  give  as  the  limit  of 
sensitiveness  0*005  mg.  As203 ; Beckurts ,3  0*002  mg.  As203.  Flilckiger 
estimates  that  a stain  appears,  if  arsenious  acid  be  present  only  to 
the  extent  of  0*001  to  0*0001  mg.  (In  Marsh’s  apparatus  even 
smaller  quantities  of  arsenic  can  be  discovered,  but  such  accuracy  is 
usually  not  required  in  the  examination  of  glycerin.4) 

1 Lewkowitsch,  Year-Book  of  Pharmacy,  1890,  380. 

2 Arch,  der  Pharm.  222  (1884),  p.  19.  3 Jahrh.  dcr  Pharm.  1883,  475. 

4 With  regard  to  the  use  of  the  Marsh  apparatus,  cp.  “ Detection  and  Determination 
of  Arsenic  ” : reprinted  from  the  Journal  of  the  Society  of  Chemical  Industry , Eyre  and 
Spottiswoode,  London,  1901.  Cp.  also  Gotthelf,  Journ.  Soc.  Chem.  Ind.  1903,  191  ; 
Goode  and  Perkin,  Journ.  Soc.  Chem.  Ind.  1906  ; G.  Lockemaun,  Zcit.  f angew.  Chem. 
1905,  416  ; Journ.  Soc.  Chem.  Ind.  1907,  1115. 
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This  test  is  so  extremely  sensitive  that  it  is  absolutely  necessary 
to  make  a blank  test  side  by  side  with  it,  using  the  same  reagents. 
The  silver  nitrate  test  is  almost  too  delicate  (although  there  are 
commercial  glycerins  which  will  not  show  any  colouration  after  ten 
minutes)  and  has,  therefore,  been  replaced  by  a less  rigorous  one,  in 
which  a concentrated  solution  of  mercury  bichloride  is  substituted  for 
silver  nitrate.  A glycerin  is  considered  as  practically  free  from 
arsenic  if  no  yellow  colouration  appear  after  ten  minutes.  If  mercury 
bichloride  be  used,  hydrochloric  acid  may  be  employed  instead  of 
sulphuric  acid. 

The  composition  of  the  yellow  body  formed  in  this  reaction 
was  found  by  Franceschi 1 to  be  AsH(HgCl)2.  The  substitution  of 
mercuric  chloride  for  silver  nitrate  was  first  proposed  by  Merceron 
and  Bergeret2  Fluckiger 3 gives  as  the  limit  of  sensitiveness  0‘002 
mg.  As203. 

It  should,  however,  be  noted  that  the  sulphuretted  hydrogen,  which 
is  evolved  if  sulphides  be  present,  also  produces  a yellow  stain.  In 
order  to  exclude  errors,  sulphides  must  be  oxidised  first  to  sulphates 
(with  permanganate  solution,  potassium  chlorate,  or  iodine).  I test 
for  presence  of  sulphides  by  proceeding  as  in  Gutzeit’s  test,  but  sub- 
stituting a paper  cap  moistened  with  lead  acetate  instead  of  silver 
nitrate;  a black  stain  points  to  the  presence  of  sulphides.  With 
a view  to  detecting  sulphides  and  arsenic  in  one  and  the  same  sample, 
it  has  been  proposed  to  pass  the  gas  evolved  through  a solution 
of  lead  acetate  before  it  comes  into  contact  with  the  paper  cap. 
As  this  method  involves  the  use  of  cumbersome  apparatus,  it  has 
been  suggested  to  conduct  the  gas  over  paper  moistened  with  lead 
acetate  ( Dowzard 4)  and  then  dried  ( Hill  and  Collins 6),  whereby 
sulphuretted  hydrogen  is  retained. 

If  the  arsenic  be  present  in  the  higher  state  of  oxidation  (as 
arsenate),  a somewhat  prolonged  time  (Bird 6 ) is  required  for  the 
reduction  to  arseniuretted  hydrogen ; in  order  to  accelerate  the 
reduction,  some  stannous  chloride  solution  (free  from  arsenic)  may  be 
added  to  the  sample.5 

The  bulk  of  chemically  pure  glycerin  is  used  in  pharmaceutical 
practice,  and  for  keeping  tobacco  (snuff)  moist.  It  is  further  employed 
for  preserving  meat  and  fruits,  and  also  in  the  maceration  process  for 
extracting  delicate  perfumes  from  flowers.  Its  use  in  the  brewing 
and  wine  industries  may  also  be  mentioned. 

A careful  estimate  made  by  the  author  would  lead  to  the  con- 
clusion that  the  quantity  of  soap -lye  crude  made  in  this  country 
amounts  to  approximately  25,000  tons  per  annum.  To  this  should 
be  added  the  crude  glycerin  obtained  in  the  candle  industry,  which  is 

1 L’Orosi,  13,  289.  2 Compt.  rend.  79,  1874,  118. 

3 Arch,  der  Pharm.  27  (1889),  p.  1. 

4 Chemist  and  Druggist,  1900,  478.  5 Ibid.  1905,  548. 

6 Analyst,  1901,  181. 
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estimated  to  amount  to  about  500  to  600  tons  per  annum.  For 
statistical  data  as  to  imports  into,  and  exports  from,  this  country  see 
pp.  4-9. 

The  quantity  of  soap  crude  glycerin  made  in  the  United  States  may 
be  taken  to  amount  to  about  13,000  tons  per  annum.  From  the  candle 
industry  there  are  obtained  a further  4000  tons,  leading  to  about 
16,000  to  17,000  tons  of  crude  glycerin  produced  in  the  States.  The 
import  of  crude  glycerin  from  Europe  approximated  to  17,000  tons 
in  1907  (about  15,000  tons  in  1906). 

The  official  statistics  given  for  Germany  are  collated  in  the 
following  table : — 


Imports  into , and  Exports  from,  Germany  of  Crude  Glycerin 


Imports. 

Exports. 

Metric  Tons. 

Value 

in  1000  Mk. 

Metric  Tons. 

Value 

in  1000  Mk. 

1905 

4952 

3467 

584 

409 

1906 

3529 

2470 

2136 

1495 

1907 

2947 

1769 

2142 

1285 

Imports  into , and  Exports  from,  Germany  of  Distilled  Glycerin 


Imports. 

Exports. 

Metric  Tons. 

Value 

in  1000  Mk. 

Metric  Tons. 

Value 

in  1000  Mk. 

1905 

713 

678 

3513 

3337 

1906 

668 

556 

2324 

2187 

1907 

669 

1478 

II.  Technology  of  Waxes 

At  present  the  technology  of  waxes  has  not  the  same  commercial 
importance  as  that  of  the  natural  oils  and  fats,  inasmuch  as  the 
quantity  of  the  waxes  furnished  by  plants  and  animals  is  much 
more  restricted  than  that  of  oils  and  fats ; it  would,  however, 
appear  that  with  the  extension  of  bee  - keeping  as  a house  industry, 
the  supplies  of  beeswax  could  be  easily  increased.  Wool  wax  also 
could  be  readily  obtained  in  much  larger  quantities  than  has  been  the 
case  hitherto,  if  a more  remunerative  use  than  the  present  one  could 
be  found  for  it.  Vegetable  waxes,  although  very  widely  distributed  in 
nature,  occur  in  such  small  quantities  that  their  recovery,  if  practised 
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as  the  chief  industry,  must  remain  expensive ; but  it  may  become 
feasible  to  obtain  in  large  quantities  as  by-products  such  waxes  as 
Rhimba  and  sugar-cane  wax,  especially  the  latter,  as  the  enormous 
quantities  of  sugar  cane  worked  up  in  tropical  countries  would 
appear  to  furnish  the  material  for  this  hitherto  neglected  product. 

On  account  of  the  restricted  quantities  that  are  available,  the 
prices  of  waxes  are  very  much  higher  than  those  of  oils  and  fats.  As 
the  alcoholic  constituents  1 of  the  known  waxes  are  not  yet  obtainable 
from  any  other  source,  the  synthetical  preparation  of  waxes  cannot  yet 
be  looked  upon  as  a problem  that  is  likely  to  be  realised  in  the  near 
future.  The  few  waxes  that  have  been  prepared  synthetically  have 
been  enumerated  in  Vol.  I.  Chap.  I. 

As  waxes  are  not  digestible,  their  preparation  for  edible  purposes 
cannot  be  entertained. 

The  chief  uses  to  which  the  natural  waxes  are  put  have  been 
detailed  already  in  Yol.  II.  pp.  724-785.  It  is  therefore  only  necessary 
to  supplement  the  remarks  made  there  by  some  further  notes. 

The  liquid  waxes  are  chiefly  used  as  lubricating  oils  (see  Chap. 
XV.);  their  technology  and  examination  has  been  considered  already 
at  length  (Yol.  II.  pp.  724-736).  For  oxidised  oils  from  liquid  waxes 
cp.  p.  137. 

The  solid  waxes  are  used  in  their  original  state,  or  at  most  after  a 
simple  preliminary  purification  by  remelting,  for  the  manufacture  of 
candles,  polishes,  insulating  compounds,  plastic  masses,  phonograph 
masses,  emulsions,  and  in  pharmaceutical  practice  for  the  preparation 
of  cerates,  salves,  ointments,  etc. 

The  saponification  of  waxes  2 is  not  carried  out  on  a commercial 
scale.  The  attempts  to  saponify  wool  fat  by  means  of  lime  in  an 
autoclave  ( Buisine 3),  or  by  other  agencies,4  and  to  prepare  a soap 
from  wool  fat,  have  not  proved  successful,  and  the  industry  connected 
with  the  working  up  of  wool  fat  must  still  be  classed  with  those 
considered  under  “Waste  Waxes”  (see  Chap.  XVI.  p.  369.) 


Wax  Candles 
(a)  Sperm  Candles 

Sperm  candles  are  made  from  refined  spermaceti.  They  are  at 
present  still  used  for  illuminating,  but  have  been  almost  completely 

1 For  a “vaseline-like”  preparation,  stated  to  be  made  from  the  higher  alcohols 
occurring  in  spermaceti,  and  sold  under  the  fancy  name  “cetosan,”  cp.  F.  Blatz,  Pharm. 
Zentralh.  1908,  537. 

2 Montanwax  (p.  231)  may  be  considered  as  obtained  by  hydrolysis  of  a natural 
vegetable  wax  occurring  in  (or  representing)  lignite  bitumen. 

3 Cp.  German  patent  32,015,  Yiolette,  Buisine  and  Yinchon  ( Norddeutsche  Woll- 
kammerei  und  Kammgarnspinnerei),  and  German  patent  99,502  (C.  Schmidt)  ; German 
patent  134,183  (Hopkiijson,  Cowley,  and  Illingworth). 

4 German  patent  55,110. 
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ousted  by  the  cheaper  stearine  and  paraffin  candles.  Until  recently 
sperm  candles  were  employed  as  the  standard  for  photometrical 
measurements  by  gas  examiners  in  this  country,  and  are  still  in  use 
for  this  purpose. 

Spermaceti  alone  cannot  be  employed  for  candles,  as  the  material 
is  too  brittle.  The  rules  for  the  preparation  of  standard  sperm 
candles  for  photometrical  purposes,  published  by  the  Metropolitan 
Gas  Referees,1  prescribe  that  for  the  purpose  of  rendering  spermaceti 
less  brittle,  best  air-bleached  beeswax,  melting  at  or  about  144°  F. 
(62°  C.),  shall  be  used  (and  no  other  material),  and  that  the  proportion 
of  beeswax  to  spermaceti  shall  be  not  less  than  3 per  cent  nor  more 
than  4 ‘5  per  cent.  The  spermaceti  itself  shall  be  so  refined  as  to 
have  a melting  point  lying  between  112°  F.  and  115°  F.  (45°-46°  C.). 
The  melting  point  is  to  be  determined  as  follows  : — 

“ A small  portion  of  the  spermaceti  is  melted  by  being  placed  in 
a short  test-tube,  the  lower  end  of  which  is  then  plunged  in  hot  water. 
A glass  tube  drawn  out  at  one  end  into  a capillary  tube  about  1 mm. 
in  diameter  is  dipped,  narrow  end  downwards,  into  the  liquid  sperma- 
ceti, so  that  when  the  tube  is  withdrawn  2 or  3 mm.  of  its  length 
are  filled  with  spermaceti,  which  immediately  solidifies.  The  corre- 
sponding part  of  the  exterior  of  the  tube  is  also  coated  with  sperma- 
ceti, which  must  be  removed.  The  narrow  part  of  the  tube  is  then 
immersed  in  a large  vessel  of  water  at  a temperature  not  exceeding 
100°  F.  (37'8°  C.).  The  lower  end  of  the  tube,  which  contains  the 
spermaceti,  should  be  three  or  four  inches  below  the  surface,  and 
close  to  the  bulb  of  a thermometer.  The  upper  end  of  the  tube 
must  be  above  the  surface,  and  the  interior  of  the  tube  must  contain 
no  water.  The  water  is  then  slowly  heated,  being  at  the  same  time 
briskly  stirred,  so  that  the  temperature  of  the  whole  bulk  is  as 
uniform  as  possible.  When  the  plug  of  spermaceti  in  the  tube  melts, 
it  will  be  forced  up  the  tube  by  the  pressure  of  the  water.  The 
temperature  at  the  moment  when  this  movement  is  observed  is  the 
melting  point.” 

Spermaceti  candles,  like  stearine  candles,  can  be  moulded  in  candle 
machines. 


(b)  Beeswax  Candles 

Beeswax  candles  are,  as  a rule,  not  moulded  like  the  candles 
described  p.  233,  as  they  adhere  strongly  to  the  moulds  of  the 
candle  machine ; even  if  they  are  detached  from  them,  they  lose  their 
shape,  or  crack  (cp.  below).  The  tapers  and  thicker  cables  of  bees- 
wax are  made  by  “ drawing,”  i.e.  pulling  a wick  by  means  of  simple 
machinery  through  the  melted  wax,  and  then  through  a die  until  the 
cable  has  acquired  the  desired  thickness.  Large  wax  candles  are 
made  by  “ pouring  ” melted  beeswax  at  a suitable  temperature  on  to  a 
wick  hanging  vertically  from  a hoop.  When  the  layer  has  cooled,  fresh 

1 Journ.  Soc.  Chem.  2nd.  1894,  65. 
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layers  of  wax  are  poured  on  to  it  until  the  candle  has  reached  the 
desired  thickness.  The  candles  are  then  rolled  on  a marble  slab  under 
a board  until  they  assume  the  desired  length.  Finally,  an  even 
surface  is  given  by  dipping  the  candles  in  melted  wax  at  a somewhat 
high  temperature.  Beeswax  candles,  therefore,  show  concentric 
layers,  which  can  be  easily  peeled  off,  if  necessary,  for  separate 
examination. 

The  thickness  of  the  wick,  and  the  preparation  of  it  for  the 
candle,  requires  great  circumspection.  Twisted  or  plaited  wicks 
are  now  supplied  to  the  trade  by  special  works.  The  “ pickling  ” of 
the  wick  is  done  in  a manner  similar  to  that  employed  in  the  manu- 
facture of  stearine  candles  (see  p.  234).  The  solutions  chiefly  in  use 
are  composed  of  ammonium  salts  containing  boric  acid  and  a small 
amount  of  a bismuth  salt. 

Recently  a machine  has  been  constructed  for  producing  beeswax 
candles  by  “dipping”;  it  is  claimed  that  the  output  is  much  larger 
than  can  be  obtained  by  the  methods  described  above.1  The  processes 
of  decorating  and  painting  beeswax  candles  fall  outside  the  scope  of 
this  work.  It  may,  however,  be  pointed  out  that  coloured  candles 
may  require  to  be  examined  for  poisonous  metals. 

Yellow  beeswax  candles  are  largely  used  for  ritual  purposes,  but 
as  they  are  apt  to  burn  with  a smoky  flame,  bleached  beeswax  is 
preferred. 

The  candles  burned  in  Greek  Catholic  churches  must  consist  of 
pure  beeswax.  The  wax  for  such  candles,  if  white,  is  air-bleached, 
as  chemically-bleached  wax  yields  a candle  of  a coarse  and  crystalline 
texture  (“  grain  ”),  which  does  not  burn  satisfactorily.  The  Roman 
Catholic  Church  formerly  required  the  candies  to  be  made  of  pure 
beeswax ; recently,  however,  the  admixture  of  a certain  amount  of 
other  candle  materials  has  been  permitted.  The  candles  made  for 
ritual  purposes  in  this  country  contain  75,  65,  and  25  per  cent 
respectively  of  pure  beeswax ; the  percentage  of  pure  beeswax  is 
stamped  on  them.  In  such  candles  the  coarse  grain  of  chemically- 
bleached  wax  is  obliterated  (cp.  Yol.  II.  p.  753).  On  the  Continent 
“ church-wax  candles  ” are  sold  which  frequently  contain  no  true  bees- 
wax whatever,  but  consist  for  the  most  part  of  stearine,  paraffin  wax, 
no  more  than  10  per  cent  of  ceresin,  and  about  5 per  cent  of  carnaiiba 
wax.  The  examination  of  beeswax  candles  for  the  true  amount  of 
beeswax  has  therefore  assumed  considerable  importance. 

The  examination  of  the  material  is  carried  out  in  a manner 
identical  with  that  described  under  the  examination  of  beeswax ; the 
reader  must,  therefore,  be  referred  to  Yol.  II.  pp.  755-776.  It  may, 
however,  be  added  that  beeswax  intended  for  candle-making  is  not 
mixed  with  any  considerable  quantity  of  Japan  wax  and  carnaiiba  wax, 
as  these  ingredients,  if  present  to  a large  extent,  render  a beeswax 
candle  practically  useless.  Hence  candles  which  contain  considerable 
quantities  of  carnaiiba  wax  are  free  from  beeswax.  Thus  a candle, 

1 A special  contrivance  for  ascertaining  the  weight  of  a candle  whilst  it  is  in  course 
of  manufacture  is  patented  by  J.  Kirchens  (German  patent  160,418). 
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represented  to  be  a beeswax  candle,  gave  on  analysis  the  following 
results  : — 

Carnaiiba  wax  . . . . .60  per  cent. 

“Stearine”  . . . . 25  ,, 

Ceresin  . . . . . 15  ,, 

It  should,  however,  be  pointed  out  that  candles  shipped  to  hot 
climates  are  now  admixed  (“hardened”)  with  5 to  10  per  cent 
of  white  (bleached)  carnaiiba  wax  (or  montanwax),  or  “ cased  ” 
with  these  materials  by  dipping.  In  the  United  States  “beeswax” 
candles  are  made  which  contain  a notable  amount  of  myrtle  wax. 

Moulded  “ beeswax  ” candles  are  made  from  a mixture  of  bleached 
beeswax  and  spermaceti.  In  order  to  prevent  the  sticking  of  the 
candles  to  the  tinned  moulds  the  latter  are  generally  rubbed  over 
with  a little  oil. 


Wax  Polishes 

The  best  wax  polishes  (for  leather,  linoleum,  furniture,  etc.)  are 
made  by  dissolving  beeswax  in  oil  of  turpentine  in  the  hot.  The 
proportions  of  beeswax  and  solvent  are  varied  according  to  the 
desired  consistence.  These  polishes  are  frequently  coloured  and  even 
perfumed.  Such  polishes  are  adulterated  to  a large  extent  by  sub- 
stituting paraffin  wax  (or  ceresin)  for  beeswax ; in  order  to  restore 
the  hardness  lost  through  the  admixture  of  softer  material,  carnaiiba 
wax  is  added.  The  oil  of  turpentine  is  (in  the  United  States)  mostly 
substituted  by  “long  leaf  pine  oil”  and  by  “wood  oil”  (see  p.  124); 
it  is  also  frequently  substituted  by  petroleum  hydrocarbons,  etc. 
(cp.  p.  124).  Inferior  polishes  contain  no  beeswax  at  all;  they 
consist  frequently  of  carnaiiba  wax  (ceresin),  paraffin  wax,  and 
stearine. 

Whereas  the  polishes  described  above  contain  little  or  no  water, 
'polishing  creams  are  made  by  treating  beeswax  with  solutions  of 
carbonate  of  potash  in  the  hot,  whereby  the  whole  or  part  of  the  free 
acids  is  converted  into  soap,  which  emulsifies  the  neutral  part  of  the 
wax.  These  emulsions  are  capable  of  “ holding  ” considerable  amounts 
of  oil  of  turpentine,  which  is  generally  intermixed  with  the  best  kinds 
of  this  class  of  polishes.  Frequently  hard  soap  is  added.  Lower 
kinds  of  “ creams,”  such  as  floor  polishes , or  solutions  used  for  coating 
(“  sizing  ”)  paper,  do  not  contain  any  oil  of  turpentine. 

Boot  polishes  are  made  in  a similar  manner  from  beeswax  or 
carnaiiba  wax.  The  inferior  kinds  contain  considerable  quantities  of 
stearine,  paraffin  wax,  etc. 

Wax  varnishes  are  mixtures  of  beeswax  with  linseed  oil  (raw  or 
“ boiled  ”)  with  or  without  oil  of  turpentine.1 

1 For  vulcanised  (bitumen  acid)  waxes  cp.  English  patent  21,742,  1907  (S.  Paterson). 
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Methods  of  analysing  wax  polishes  and  wax  varnishes  must  be 
adapted  to  each  special  case  ; the  directions  given  for  the  examination 
of  beeswax  (Yol.  II.  pp.  755-776),  lubricating  greases  (this  Yol.  p.  50), 
and  varnishes  (this  Yol.  p.  117),  must  be  suitably  combined  for  this 
purpose. 


Wax  Emulsions 

Waxes  possess  the  power  of  emulsifying  considerable  quantities  of 
water.  This  property  is  made  use  of  in  pharmaceutical  practice  for 
the  production  of  pomades,  salves,  etc.,  all  of  which  may  be  looked 
upon  as  solid  emulsions  (just  as  solid  lubricants  were  considered  above 
as  representing  solid  emulsions).  Wool  grease  and  wool  wax  possess 
the  property  of  forming  emulsions  to  the  most  notable  extent.  In 
the  wash-waters  from  woollen  mills  the  wool  grease  forms  so  per- 
sistent an  emulsion  with  the  water,  that  it  is  impossible  to  separate 
the  whole  of  the  wool  fat  by  a cream-separator  such  as  would  readily 
remove  the  fat  from  milk.  This  ready  emulsifying  power  is  made 
use  of  by  curriers  (in  currying  leather),  further  in  the  preparation  of 
salves  from  wool  wax  (lanolin)  and  from  the  constituents  into  which 
wool  wax  can  be  resolved  (“  lanogenes  ”)  (see  Chap.  XYI.  “ Waste 
Waxes  ”).  The  following  table,  due  to  Dieterich,  supplies  some 
numerical  data  regarding  the  emulsifying  power  of  lanolin  compared 
with  other  substances  : — 


100  Parts  of 

Give  a Complete 
Emulsion  -with 

Lanolin  ....... 

Parts  of  Water. 

. 105 

Mixture  of  80  parts  of  lanoline  and  20  parts  of  olive  oil 

. 320 

Mixture  of  20  parts  of  white  beeswax  and  80  parts  of  oleic  acid 

. 228 

Butter  fat 

. 165 

Lard  ........ 

15 

Paraffin  wax  ....... 

4 

For  the  preparation  of  emulsions  made  from  waxes  (beeswax, 
carnauba  wax,  wool  fat)  with  mineral  oils  cp.  the  patent  specifications 
of  Urbanelc,1  JVallbaum ,2  and  Knopf* 

Montan  wax.  See  above,  p.  231. 

1 German  patent  159,526.  2 English  patent  4116,  1906. 

3 English  patent  17,523,  1907. 
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TECHNOLOGY  OF  WASTE  OILS,  FATS,  AND  WAXES,  AND  THE 
COMMERCIAL  PRODUCTS  DERIVED  THEREFROM 

1.  Waste  Oils  and  Fats 

A.  FOOTS  FROM  REFINING  VEGETABLE  OILS  AND  FATS 

In  the  course  of  refining  linseed  oil , rape  oil,  and  the  lowest  kinds- 
of  olive  pulp  oils  by  means  of  sulphuric  acid,  black  tarry  masses 
— “ foots  ” — (French  — “ Crasses  ” ; German  — “ Olsatz”  “ Oltrub ,,y 
“ Sauertrub”)  are  obtained,  which  contain,  besides  carbonised  organic 
matter,  remnants  of  oil  and  of  fatty  acids.  These  latter  substances  are 
to  some  extent  mechanically  intermixed  with  the  carbonised  residue, 
but  are  chiefly  held  in  solution  owing  to  the  strong  solvent  power  of 
the  sulphonated  oils  and  fatty  acids. 

In  most  linseed  oil  refineries  these  residues  used  to  be  thrown 
away,  as  mere  boiling  up  with  water  did  not  lead  to  the  liberation  of 
the  entangled  oil.  Owing  to  the  stringent  rules  of  sanitary  authori- 
ties, these  residues,  even  if  highly  diluted  with  water,  must  no^ 
longer  be  run  into  sewers.  The  crudest  way  of  disposing  of  these 
residues  is  to  mix  them  with  sawdust  and  burn  the  mass  as  fueL 
A more  rational  use  is  to  employ  them  in  the  manufacture  of  shoe- 
blacking and  printing-ink.1  For  the  working  up  of  the  foots  from 
rape  oil  see  Vol.  II.  p.  204 ; for  those  from  olive  oil  see  Vol.  II.  p.  28 1T 
and  Vol.  III.  p.  154. 

Of  much  greater  value  are  the  foots  obtained  in  the  preparation 
of  vegetable  butters  (see  Chap.  XV.  p.  38). 

These  foots,  consisting  as  they  do  of  a mixture  of  soap  and  neutral 
fat,  are  generally  decomposed  with  sulphuric  acid,  and  the  resulting 
mixture  of  neutral  fat  and  fatty  acids  is  sold  for  soap-making  purposes. 


Cotton  Seed  Foots 

On  refining  cotton  seed  oil  by  means  of  caustic  soda  (Vol.  II.  p.  155) 
a precipitate  is  obtained  which  consists  of  a mixture  of  cotton  seed 

1 British  Oil  and  Cake  Mills  and  A.  G.  Wass,  English  patent  23,231,  1900. 
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oil  soap,  neutral  cotton  seed  oil,  and  colouring  and  resinous  matters. 
The  precipitate  is  known  in  this  country  under  the  trade  term  “muci- 
lage,” and  in  the  United  States  of  America  as  “ soap  stock.” 

In  the  latter  country  the  working  up  of  these  foots  has  assumed 
very  considerable  commercial  importance,  as  the  quantity  produced 
in  the  United  States  is  estimated  to  amount  annually  to  approxi- 
mately 432,000  barrels  (of  about  40  gallons  each),  having  the  value 
of  about  1,500,000  dollars.1 

American  cotton  seed  foots  are  worked  up  for  cotton  seed  foots  soap 
(foots  soap),  and  (or)  for  black  grease. 

Cotton  Seed  Foots  Soap. — According  to  the  quality  and  the  age 
of  the  cotton  seed  worked  up  for  oil,  the  strength  of  the  caustic  lye 
employed,  and  other  conditions  affecting  the  quality  of  the  oil,  the 
colour  of  the  “ soap  stock  ” varies  from  light  dirty  yellow  through 
dark  green  to  deep  red.  On  exposure  to  the  air  the  soap  stock 
becomes  black.  Its  consistence  also  varies  with  the  conditions 
enumerated  above,  and,  in  addition  to  this,  with  the  care  and  skill 
exercised  by  the  refiner.  Hence  the  specific  gravity  of  the  soap 
stock  varies  from  0*97  to  1*04,  and  the  percentage  of  fatty  acids 
fluctuates  between  35  and  60.  The  “soap  stock”  is  sold  on  the 
basis  of  50  per  cent  fatty  acids ; its  average  composition  is  as 
follows : — 

Fatty  anhydrides  . . . .48*50  per  cent. 

Glycerin  . . . . . 3*98  ,, 

Caustic  soda,  as  Na20  . . . 3*20  ,, 

Foreign  organic  matter  . . . 5 ’90  ,, 

Colouring  matter  . . . . 2*42  ,, 

Water  . . . . . 36*00  ,, 

100-00 

The  48*5  per  cent  of  fatty  anhydrides  in  the  above-given  analysis 
correspond  to  a “ 50  per  cent  soap  stock.” 

Soap  stock  containing  more  than  40  per  cent  of  water  ferments 
readily  ; therefore  the  refiners,  who  do  not  work  up  the  stock  them- 
selves for  commercial  soap,  deliver  it  to  soap-makers  in  the  freshest 
possible  condition.  In  the  soapery  the  soap  stock  is  boiled  up  with 
a small  excess  of  caustic  soda  and  then  salted  out.  The  dark  lye, 
which  contains  most  of  the  impurities  and  foreign  organic  substances, 
is  run  to  waste.  The  “ curd,”  known  as  “ killed  foots,”  is  washed 
repeatedly  with  alkaline  lyes,  and  treated  as  described  under  “Soap 
Manufacture”  (p.  251),  when  finally  a dark  yellow  to  brown  soap 
results.  The  freshly  made  soap  contains  approximately  63  per  cent 
of  fatty  acids.  As  its  consistence  is  somewhat  soft,  it  is  allowed 
to  dry  out  in  the  works  until  it  contains  about  66  per  cent  or  more 
of  fatty  acids.  This  is  one  of  the  cheapest  soaps  made  in  the 
United  States,  and  is  used  there  largely  in  the  manufacture  of  low- 
class  soap  powders  and  washing  powders. 

1 D.  Wesson,  Journ.  Soc.  Cliem.  Ind.  1907,  595. 
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Cotton  seed  oil  being  a semi-drying  oil,  its  fatty  acids  are  some- 
what readily  oxidisable,  and  hence  explosions  of  soap  powder  made 
from  “soap  stock”  must  be  guarded  against  (see  Chap.  XY.  p.  283). 

Enormous  quantities  of  this  soap  are  sent  to  this  country,  and 
find  extensive  use,  on  account  of  the  low  price,  in  some  woollen 
and  union  goods  mills  as  textile  soap,  although  the  employment  of 
such  soap  is  distinctly  injurious  to  the  goods. 


Black  Grease. — When  “ soap  stock  ” cannot  be  worked  up  readily 
into  soap,  nor  sold  in  the  fresh  state  (for  a fermented  soap  stock 
yields  a very  dark  soap),  it  is  treated  with  sulphuric  acid  in  the  hot, 
when  the  fatty  matter  rises  to  the  top  as  a black  mass,  known  in 
commerce  as  black  grease.  Most  of  the  black  grease  obtained  in  the 
United  States  is  shipped  to  this  country  to  be  worked  up  as  described 
below.  Endeavours  are,  however,  being  made  at  present  to  establish 
the  distillation  in  the  United  States. 

Egyptian  seed,  which  is  crushed  chiefly  in  this  country  and  on 
the  continent  of  Europe,  usually  “ heats  ” during  the  voyage  and  when 
stored.  In  consequence  of  the  changes  which  the  seed  has  undergone, 
the  crude  cotton  seed  oil  has  a much  darker  colour  than  American 
crude  oil,  and  the  “ foots  ” obtained  from  it  are  almost  black. 

Experiments  made  on  a large  scale  to  prepare  a saleable  soap 
from  foots  obtained  from  Egyptian,  seed  have  failed  hitherto ; hence 
such  foots  are  solely  worked  up  for  “ black  grease.” 

Black  grease  is  sold  on  the  basis  of  the  “ fatty  acids  ” it  yields. 
The  method  of  ascertaining  the  amount  of  valuable  fatty  acids  is  usually 
agreed  upon  between  buyer  and  seller,  as  the  fatty  acids  separated 
in  the  usual  manner  after  saponifying  the  grease  contain  resinous 
matters,  so  that  the  customary  calculation  to  oleic  acid  gives  too 
high  results.  Where  no  such  stipulations  exist,  it  is  usual  to  calcu- 
late the  total  fatty  acids  to  oleic  acid,  as  was  done  in  the  case  of  the 
analysis  set  out  in  the  following  table  : — 


Analysis  of  Black  Grease  ( Lewkowitsch ) 


From  American  Cotton  Seed. 

From 
Egyptian 
Cotton  Seed. 

I. 

II. 

III. 

Total  fatty  acids  calculated  to  oleic 
Free  fatty  acids  calculated  to  oleic  . 
Volatile  fatty  acids  calculated  to 
mean  molecular  weight  150. 
Unsaponifiable  matter  . 
Saponification  value 

Per  cent. 

89T 

50T1 

Per  cent. 
88-3 

0-28 

5-95 

194-1 

Per  cent. 
91-64 

Per  cent. 
92-6 
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On  a large  scale  the  “black  grease  ” is  subjected,  after  a suitable 
preliminary  treatment,  to  distillation  in  a current  of  superheated 
steam,  much  in  the  same  manner  as  the  distillation  of  fatty  acids  is 
carried  out  in  candle-works  (Chap.  XV.  p.  182). 

The  distillate  thus  obtained  consists  chiefly  of  free  fatty  acids, 
and  is  worked  up  in  the  same  manner  as  is  done  in  the  case  of  the 
distilled  fatty  acids  of  candle-works.  Thus  “ oleine  ” and  “ stearine  ” 
are  prepared.  The  latter  is  frequently  termed  in  commerce  “ cotton 
seed  stearine,”  and  must  not  be  confounded  with  the  true  cotton  seed 
stearine  (vegetable  margarine)  described  Vol.  II.  p.  157.  The  still 
residue  is  sold  as  “ cotton  pitch,”  or  “ cotton  stearine  pitch.” 

In  the  following  table  are  given  the  analyses  of  a set  of  samples, 
obtained  on  a commercial  scale  from  a “ run  ” made  with  a “ black 
grease,”  the  composition  of  which  is  indicated  in  the  first  horizontal 
line. 


Examination  of  a Black  Grease  and  the  Products  derived  therefrom 
(Lewkoivitsch) 


Titer  Test. 

Acid  Value. 

Saponification 

Value. 

Black  Grease 

°C. 

J F. 

110-6 

163 

Distilled  Grease  . 

186-6 

189-3 

“Oleine” 

169-1 

173-5 

Pressed  Stearine  Cake  . 

204-6 

205-3 

Redistilled  Oleine 

156-2 

183-2 

“ White  Grease  ” No.  1 

42-0 

107-5 

196-9 

198-2 

“ White  Grease  ” No.  2 

43-05 

109-5 

201-1 

202-0 

“White  Grease  ” No.  3 

44-8 

113-0 

193-4 

196-7 

White  Stearine 

51*2 

124 

191-5 

192-2 

The  amount  of  “ unsaponifiable  matter  ” in  the  distilled  products 
depends  to  a very  large  extent  on  the  skill  of  the  operator  in  con- 
ducting the  preliminary  purification  and  the  distillation  of  the  crude 
material. 

“ Oleine  ” and  “ stearine  ” are  used  in  the  manufacture  of  low- 
class  soaps,  provided  their  content  of  unsaponifiable  matter  be  low ; 
otherwise  they  are  employed  as  “ wool  oils  ” and  in  the  manufacture 
of  sizes,  lubricating  greases,  etc.  If  the  melting  point  of  the 
“ stearine  ” be  high,  it  can  serve  as  candle  material  of  an  inferior 
quality.  Samples  of  stearine  so  used  gave  the  following  numbers  on 


examination  in  my  laboratory  : — 

I. 

II. 

Solidifying  Point 

45-6°  C. 

42-5°  C. 

Iodine  Value 

54-9 

Unsaponifiable  matter 

5*2  per  cent. 

Acid  Value 

198-6 
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B.  WASTE  ANIMAL  FATS 
1.  Greases 

Under  this  head  fall  all  fats  obtained  from  refuse  material,  such 
as  kitchen  grease,  ship’s  grease,  tripe  tallow,  slaughter-house  grease, 
(“  tankage  ” grease),  bone  grease,  skin  grease,  greases  from  carcase- 
rendering establishments,  “animal  grease,”  “animal  oil,”  etc.  These 
greases  must  be  looked  upon  as  varieties  of  lard,  tallow,  bone 
fat,  horse  fat,  etc. 


(a)  Slaughter-House  Greases 

French — Petits  suifs  ; graisses  d’abats.  German — Schlachthausfette. 

The  recovery  of  greases  from  slaughtered  animals  has  assumed 
the  dimensions  of  a large  and  properly  conducted  industry  since 
the  very  primitive  slaughter-houses,  with  their  extremely  insanitary 
conditions  and  their  great  waste  of  valuable  material,  have  given 
way  to  large  establishments,  which  are  worked  as  adjuncts  to  the 
modern  slaughter-houses.  The  immense  packing -houses  of  the 
United  States,  in  which  the  main  attention  is  directed  to  the 
economical  use  of  every  scrap  of  meat  and  of  all  the  by-products, 
have  served  as  models  to  the  European  establishments.  Under 
the  pressure  of  the  various  Boards  of  Health,  who  issued  stringent 
rules  regarding  the  disposal  of  objectionable  ref  use  - products,  the 
slaughter-houses,  at  any  rate  in  the  large  towns,  can  now  be  well 
compared  with  chemical  works  constructed  on  most  modern  lines. 
Under  the  heading  “Lard”  (Vol.  II.  Chap.  XIV.  p.  560)  there 
has  been  given  already  an  outline  of  the  mode  of  working  as  carried 
out  in  packing-houses.  This  need  only  be  supplemented  here  by 
indicating  the  method  of  working  up  “ tankage,”  and  of  recovering 
the  different  qualities  of  greases. 

All  the  waste  meat,  scrap,  etc.,  is  collected  in  large  digesters 
(autoclaves),  mixed  therein  with  water,  and  treated  with  steam 
under  high  pressure  (so  as  to  avoid  the  escape  of  noxious  or  evil- 
smelling gases).  After  the  material  has  been  well  disintegrated 
(“  cooked  ”),  the  contents  are  allowed  to  settle,  when  the  fat  which 
was  imprisoned  in  the  meat  cells  (tallow  or  lard,  or  a mixture  thereof, 
according  to  the  raw  material)  settles  out  as  an  upper  layer.  The 
“ grease  ” is  withdrawn  into  suitable  receptacles,  when  it  is  ready  for 
use  in  the  soap,  candle,  and  other  industries.  The  remaining  contents 
of  the  digesters  are  run  into  large  “tanks”  underneath,  where  a 
further  quantity  of  “ grease  ” separates  on  the  top  of  the  aqueous 
gluey  liquor  (“soup”),  whereas  the  disintegrated  fibres  of  meat,  etc., 
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fall  to  the  bottom.  The  separated  grease  (“  skimmings  ”)  is  skimmed 
off  and  added  to  the  next  charge  of  “tankage,”  whilst  the  aqueous 
liquor  is  drawn  off  and  concentrated  in  vacuum  evaporators  to 
a syrupy  liquid  (“concentrated  tankage,”  “stick”).  The  solid 
matter  in  the  tanks  still  contains  a considerable  amount  of  grease, 
which  is  recovered  by  subjecting  the  whole  mass  to  pressure  in 
hydraulic  presses,  when  water  and  grease  run  out ; the  latter 
is  added  to  the  next  charge  of  “ tankage  ” together  with  the 
“ skimmings.” 

The  mass  left  in  the  press-cloths  is  worked  up  for  “fertiliser” 
by  transferring  it  to  mechanical  (intermittent  or  continuous)  driers 
(cp.  Vol.  II.  “Menhaden  Oil”),  in  which  the  material  is  dried  until 
it  contains  less  than  10  per  cent  of  moisture.  It  is  sold  on  the 
basis  of  phosphate  and  ammonia  which  it  contains.  (Thus  7/30 
tankage  is  meant  to  signify  a tankage  containing  7 per  cent  of 
ammonia  and  30  per  cent  of  phosphoric  acid.) 

In  many  establishments  it  is  usual  to  mix  the  “ stick  ” with  the 
hydraulically  expressed  material  in  the  drying  machine. 

In  large  establishments  lard  greases  and  tallow  greases  can 
be  recovered  separately  ; in  smaller  slaughter-houses  the  products 
are  generally  mixed  on  account  of  the  necessity  for  the  rapid  disposal 
of  the  objectionable  raw  material. 

The  following  is  a list  of  the  best  classes  of  packing-house  grease 
obtainable  in  commerce  : — 

JVhite  Grease  A. — This  is  made  from  dead  hogs,  and  in  general 
from  lard  unfit  for  edible  purposes.  (See  Vol.  II.  Chap.  XIV.  p.  563.) 

JVhite  Grease  B. — This  is  an  inferior  grade  made  from  the  same 
source. 

Yellow  Grease  consists  of  the  fat  from  waste  portions  of  all 
animals,  chiefly  hogs.  This  grease  is  generally  mixed  in  the  large 
establishments  of  the  United  States  with  “kitchen  grease,”  i.e.  all 
kinds  of  waste  fats  collected  from  private  houses,  hotels,  restaurants,  etc. 

Brown  Grease  represents  the  lowest  grade  of  packing-house  grease, 
and  is  made  from  all  kinds  of  offal. 


(b)  Bone  Grease 

In  large  establishments  all  refuse  bones  which  have  not  been 
worked  up  for  “ neat’s  foot  oil  ” (Vol.  II.  Chap.  XIV.  p.  402)  and 
“bone  fat”  (see  Vol.  II.  Chap.  XIV.  p.  619)  are  kept  separate  as 
“ bone  tankage,”  and  yield  “ bone  grease.”  “ Bone  grease  ” is  inferior 
in  quality  to  the  “bone  fats”  (Vol.  II.  Chap.  XIV.  p.  619)  obtained 
by  the  “ boiling-out  process.”  (Two  analyses  of  such  greases  are 
given  in  the  table  below.)  A variety  of  this  kind  of  grease  is 
“pig’s  foot  grease”  (see  Vol.  II.  Chap.  XIV.  p.  563).  The  benzine- 
extracted  bone  greases  have  been  described  at  length  in  Vol.  II. 

p.  621. 
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(c)  Skin  Grease 
German — Hautfett 

Skin  grease  is  obtained  as  a by-product  in  cleaning  (scraping)  the 
skins  of  animals,  preparatory  to  the  tanning,  etc.,  process.  In  this 
manner  the  best  kinds  of  skin  grease — “ white  skin  grease  ” and 
“ light  skin  grease  ” — are  obtained. 

As  it  is  impossible  to  remove  the  whole  amount  of  fat  by  this 
mechanical  process,  especially  from  “ pickled”  sheep-skins,  expression 
of  the  skins  in  hydraulic  presses  (see  Yol.  II.  Chap.  XIII.) 
at  a slightly  elevated  temperature  is  resorted  to  in  modern 
establishments. 

An  apparatus  for  extracting  sheep -skins  with  carbon  tetra- 
chloride has  been  patented  by  Charles  Dent  and  Abel  for  the  Soci6t6 
de  lainage  Vervietois  Peltzer  and  Co.  (English  patent  2360,  1900). 
The  greases  so  obtained  are  somewhat  dark  in  colour ; they  are  sold 
as  “brown  skin  grease”  or  “dark  skin  grease.”  The  skin  greases 
described  here  must  not  be  confounded  with  the  grease  obtained 
from  tanned  or  tawed  skins  or  clippings  (see  below,  p.  363). 


(d)  Grease  from  Carcase-rendering  Establishments — 
Carcase  Fat 

French — Graisse  de  carcasse ; graisse  d’equarrissage. 

German — A bdeclcereifett,  Kadaverfett. 

Since  it  has  been  demonstrated  that  the  primitive  methods  of 
disposal  of  dead  animals  (by  interring,  or  by  cremating  in  the 
open,  etc.)  formed  one  of  the  most  fruitful  sources  of  spreading  con- 
tagious diseases,  sanitary  authorities  in  all  civilised  countries  prescribe 
stringent  rules  for  the  destruction,  or  for  the  odourless  rendering  and 
drying  of  this  objectionable  material.  The  practice  of  the  large 
packing-houses  has  served  as  the  prototype,  and  in  most  of  the  large 
towns  special  establishments  have  been  erected  in  which  carcases 
are  rendered  innocuous,  whilst  being  worked  up  at  the  same  time 
for  commercial  products.  In  some  of  the  modern  installations 
designed  on  the  Continent,  there  seems  to  prevail  a tendency  to  lay 
more  stress  on  the  profits  which  may  be  derived  from  the  recovery 
of  the  by-products  than  on  the  primary  demand  that  the  material  be 
rendered  harmless  at  any  cost.  Thus  stress  is  not  only  laid  on  the 
obtainment  of  the  most  valuable  product — the  greases — but  attempts 
are  also  made  to  work  the  residues  into  food  for  domestic  animals, 
instead  of  disposing  of  them  as  “ fertiliser.”  A detailed  discussion 
of  these  installations  falls  outside  the  scope  of  this  work ; and  for 
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a description  of  some  plants  introduced  on  the  Continent,  the  reader 
must  be  referred  to  the  works  quoted  in  the  footnote.1  The  principle 
employed  in  the  different  installations  is  the  same  as  that  used  in  the 
large  packing-houses  of  the  United  States.  Dead  animals,  etc.,  are 
thrown  into  large  digesters,  in  which  they  are  treated  with  live  steam 
under  pressure  (in  some  cases  with  close  steam,  the  moisture  contained 
in  the  carcase  being  relied  upon  to  supply  the  necessary  water) 
when  the  fat  rises  to  the  top,  whilst  the  solid  portions  fall  to  the 
bottom,  and  an  intermediate  aqueous  layer,  holding  gluey  substances 
in  solution  or  in  an  emulsion,  is  obtained.  The  fat  is  recovered 
in  the  same  manner  as  described  under  “ tankage  ” fats.  As  sanitary 
authorities  do  not  (or  should  not)  permit  the  aqueous  solution 
to  be  run  into  sewers,  it  is  evaporated  in  vacuum  evaporators,  and 
worked  up  into  low-class  glue,  etc. 


(e)  “ Animal  Greases  ” — “ Animal  Oils  ” 

Under  this  indefinite  name  a great  variety  of  solid  or  semi- 
liquid greases  are  sold,  which  differ  considerably  in  quality.  The 
best  kinds  of  “ animal  greases  ” would  approach  those  described  under 
(a),  just  as  the  best  kinds  of  “ animal  oils  ” would  be  represented  by 
low  grades  of  neat’s  foot  oil,  tallow  oil,  lard  oil.  Under  the  term 
“animal  grease,”  or  “animal  oil,”  must  be  understood,  however, 
waste  fats  and  oils  from  refuse  tallow,  scrap  fat,  skin  grease,  and 
all  kinds  of  animal  refuse  fats  and  oils  (horse  oil).  As  a rule, 
they  are  of  a very  dark  colour,  or  almost  black.  They  mostly  possess 
a very  offensive  smell,  and  contain  any  proportion  of  free  fatty  acids 
from  10  to  50  per  cent,  and  even  more.  The  proportion  of  un- 
saponifiable  matter  in  this  class  of  greases  is,  as  a rule,  very  high  ; 
not  infrequently  it  is  increased  by  the  fraudulent  admixture  of 
low-class  (dark)  mineral  oils,  “ recovered  grease,”  “ black  grease,”  etc. 

In  the  following  table  I collate  some  analyses  of  commercial 
greases  : — 

1 Heepke,  Die  Kadaver-Vernichtungsanlagen,  Halle  a.  S,  1905  ; Haefcke,  Hand- 
buch  des  Abdeckereiwesens , Berlin,  1906  ; P.  Naumann,  Gesimdheits-lngenieur,  1908 
225. 


[Table 
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(/)  “ Fish  Stearine  ” — “ Whale  Grease  ” 

The  manufacture  of  “ stearines,”  as  obtained  from  individual 
species  of  animals,  has  been  described  under  the  heading  of  “ Fish 
Oil,”  “Seal  Oil,”  “Whale  Oil.”  The  practice  of  large  rendering 
establishments  for  fish  oil,  etc.,  simulates  that  of  the  packing-houses. 
The  “ fish  stearine  ” of  commerce  is  of  varying  composition,  and  repre- 
sents either  the  solid  glycerides  from  fish  oils,  cod  liver  oil,  seal  oil, 
whale  oil,  or  a mixture  of  all  these  “ stearines.”  (With  regard  to 
“Whale  Bone  Oil,”  see  Yol.  II.  p.  378.) 

The  following  table,  due  to  HajeJc,  gives  six  analyses  of  “fish 
stearines  ” : — 


Analyses  of  Fish  Stearines 


Fish 

Stearine. 

Fat. 

Fatty  Acids. 

Impurities.1 

Melting 

Iodine 

Acid 

Fatty 

Solidifying 

Melting 

Point. 

Value. 

Value. 

Acids. 

Point. 

Point. 

No. 

Per  cent. 

°C. 

Per  cent. 

Per  cent. 

°C. 

°C. 

1 

4-0 

43-5 

42*3 

16*9 

90-2 

44-5 

2 

5-6 

40*0 

44*0 

20-9 

91-0 

38-0 

3 

57 

46-5 

41*0 

30-0 

90-0  ! 

43  ;0 

45'0 

4 

5-2 

20-0 

91*0 

42*5 

44*75 

5 

6*0 

44 -5 

40-0 

95-5  | 

41*75 

43-50 

6 

15*0 

46  *5 

80-8 

45-0 

The  rank,  fishy  odour  which  adheres  persistently  to  these 
“ stearines  ” renders  them  almost  useless  for  soap-making,2  and  they 
are  therefore  chiefly  worked  up  into  d6gras- substitutes,  stuffing- 
greases,  etc. 


The  best  classes  of  greases  considered  in  this  chapter  are  used 
as  substitutes  for  tallow,  lard,  etc.,  in  the  soap  and  candle  industries. 
Lower  kinds,  provided  their  colour  be  not  too  objectionable,  and 
the  proportion  of  unsaponifiable  matter  be  not  too  high,  may  be 
used  for  low-class  soaps.  Still  lower  products  are  worked  up  into 
lubricating  greases,  d6gras  - substitutes  (see  below),  and  stuffing- 
greases.  The  lowest  kinds,  such  as  “ animal  grease  ” and  “ animal 
oil,”  are  treated  with  sulphuric  acid,  and  subsequently  worked  up 
into  “ oleine  ” and  “ stearine  ” by  distillation,  much  in  the  same 
manner  as  “ black  grease  ” is  treated.  As  an  example  may  be  given 
the  working  up  of  “ fish  stearine.”  Although  this  waste  fat  is  at 
present  of  no  practical  importance  to  the  candle-maker,  the  results 
published  by  Hajeh  3 are  recorded  here,  as  they  may  deserve  attention 
in  case  fats  again  reach  the  high  prices  of  the  last  few  years. 

1 The  impurities  include  all  non-fatty  (especially  gelatin-like)  substances. 

2 This  holds  good  also  of  the  distilled  fatty  acids  from  fish  oils,  which  were  brought 
into  commerce  on  the  Continent  under  the  fancy  name  “ Olid  ” fatty  acids. 

3 Augsburger  Seifensieder  Zeit.  1903,  580. 
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A somewhat  large  quantity  of  washed  and  dried  “ fish  stearine  ” 
containing  7 per  cent  of  “impurities”  was  autoclaved  with  2*5  per 
cent  of  lime  at  a pressure  of  eight  atmospheres  during  seven  hours, 
and  is  stated  by  Hajek  to  have  yielded  94  per  cent  of  crude  fatty  acids, 
containing  3 per  cent  of  unsaponifiable  matter.  The  yield  of 
glycerin  of  28°  Be.  is  stated  to  have  been  7*3  per  cent  of  the  auto- 
claved mass.  The  fatty  acids  were  then  distilled  ; nine  samples  taken 
at  intervals  of  two  hours  showed  the  following  characteristics : — 


Sample. 


No. 


Colour. 


Appearance. 


Solidifying  Point. 


Melting  Point. 


° C. 


°C. 


1 

2 

3 

4 

5 

6 

7 

8 
p 


Green 


Forming  scales 


White 


Greyish  white 
Grey 


Amorphous, 
containing 
some  crystals 


Viscous 


46 

47- 1 

47  "5 
47  *75 

48- 50 
48*75 
47-50 
42-50 


48- 75 

49- 2 

49- 5 

50- 0 
50-25 
50’75 
49-50 
44-50 
36-00 


The  total  yield  obtained  on  distillation  is  given  as  follows  : — 

Per  cent. 

Fatty  acids  . . . . . . 95 ’77 

Stearine  pitch  (Goudron)  . . . . .3*50 

Loss  (by  difference)  . . . . . . 0'73 


100-00 

Laboratory  experiments  carried  out  with  a view  to  increasing 
the  yield  of  candle  material  by  acidifying  the  fatty  acids  before 
distillation  (cp.  “Mixed  Process,”  Chap.  XV.)  did  not  lead  to  satis- 
factory results.  A summary  of  the  large-scale  experiment  is  given  in 


the  following  table  : — 

Per  cent. 

“ Stearine  ” (candle  material)  ....  53'10 

Oleine  . . . . . . .36*90 

Stearine  pitch  (Goudron)  . . . . .3*29 

Glycerin,  28°  Be.  . . . . . 7 "00 


100-29 
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2.  Sod  Oil — Degras1 

French — Degras , Moellon.  German — Gerberfett  ( Lederfett 2), 
Weissbrilhefett,  Degras. 

Sod  oil  or  degras 3 is  the  waste  fat  obtained  in  the  chamoising 
process,  and  is  used  for  currying  purposes,  i.e.  dressing  bark-tanned 
or  chrome-tanned  leather. 

The  skins  which  are  to  be  converted  into  chamois  leather  are  first 
•“  limed,”  whereby  they  swell  and  the  roots  of  the  hair  are  loosened  ; 
the  hair  is  then  removed  by  the  aid  of  a blunt  dressing  knife,  and  the 
unhaired  hides  are  “drenched,”  i.e.  placed  in  a “sour  bath,”  made  of 
refuse  malt  and  bran,  in  which  they  “ swell  ” in  consequence  of  an  acid 
fermentation  (due  to  enzymes  or  oxydases;  Bacterium  erodiens 4)  setting 
in.  The  skins  are  next  split  in  a special  machine  into  upper  and 
lower  halves.  The  latter  are  stretched  and  well  rubbed  with 
whale  or  cod  liver  oil 5 — in  the  United  States  with  menhaden  oil  6 — 
and  worked  in  a fulling  machine,  “ stocks,”  so  as  to  become  thoroughly 
saturated  with  oil.  Then  the  skins  are  taken  out  and  exposed  to 
the  air.  The  same  process  of  rubbing  with  oil  and  stamping  in  the 
stocks  is  repeated  until  enough  oil  has  been  absorbed,  and  the  skins 
appear  quite  dry.  In  consequence  of  the  exposure  to  the  air,  a 
portion  of  the  oil  has  been  changed  and  has  entered  (as  the  “ practical 
man  ” terms  it)  into  . “ combination  ” with  the  fibre,  another  portion 
being  only  mechanically  enclosed  within  the  pores  of  the  skin.  The 
“ combined  oil  ” is  that  portion  of  altered  fatty  matter  which  cannot 
be  extracted  by  carbon  bisulphide.7  In  order  to  render  the  “ combina- 
tion ” of  the  oil  with  the  fibre  more  rapid,  a fermentation  attended 
with  elevation  of  temperature  is  brought  about  by  heaping  the  skins 
together  in  a warm  room,  and  covering  them  carefully  with  canvas 
so  as  to  keep  the  generated  heat  in  the  heap.  Overheating,  however, 
must  be  prevented  by  occasionally  turning  over  the  pile  so  as  to  cool 
the  skins.  The  “ oxidation  of  the  oil  ” is  considered  to  be  complete 
when  the  skins  have  acquired  the  yellow  colour  of  chamois  leather. 

From  the  foregoing  description,  which  represents  the  views  held 
by  “ practical  men,”  it  will  be  evident  that  the  actual  changes  which 
occur  in  the  chamoising  process  are  but  very  incompletely  understood. 

1 Jean,  Moniteur  scientifique,  15,  1889.  Eitner,  Ber  Gerber , 1890,  85.  Simand, 
Ber  Gerber , 1890,  243,  254,  266,  279.  Jahoda,  Zeit.  f.  ang.  Chem.  1891,  325. 
Fahrion,  Journ.  Soc.  Chem.  Ind.  1891,  557,  1013  ; 1893,  937.  Ruhsani,  Journ.  Soc. 
Chem.  Ind.  1892,  639.  Weiss,  Journ.  Soc.  Chem.  Ind.  1893,  937.  Eitner,  Ber  Gerber , 
1893,  257.  Schmitz-Dumont,  Bingl.  Polyt.  Journ.  1895,  296,  Nos.  9-11  ; Journ.  Soc. 
Chem.  Ind..  1895,  815,  829.  Tortelli,  Annali  del  Lab.  Chim.  Centr.  delle  Gabelle , 1897, 1 84. 

2 This  term  is  a very  indefinite  one,  as  it  also  embraces  “ stuffing-grease  ” and  leather- 
greases  obtained  from  tanned  skins  and  from  leather  clippings. 

3 It  should  be  noted  that  in  the  United  States  “ degras  ” denotes  the  recovered  grease 

from  wool-scouring  works.  4 Delbruck,  Zeit.  f.  ang.  Chemie,  1902,  694. 

6 With  regard  to  a method  of  examining  cod  liver  oils  for  tanning  purposes  cp.  Trot- 
man  and  Peters,  Journ.  Soc.  Chem.  Ind.  1902,  694. 

6 “ Alligator  oil  ” is  also  stated  to  be  used  for  this  purpose.  Hitherto  this  oil,  said 
to  be  sold  under  the  name  Jacare  oil,  has  not  been  obtainable  in  Europe  ( American 
Soap  Journ.  1906,  16,  213). 

7 Cp.  v.  Schroeder  and  Paessler,  Journ.  Soc.  Chem.  Ind.  1895,  759. 
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It  seems  most  likely  that  in  the  first  instance  the  glycerides  are  hydro- 
lysed to  glycerin  and  free  fatty  acids.  The  glycerin  would  remain 
unchanged,  and  is  washed  away  later  on,  whereas  the  unsaturated 
fatty  acids  are  readily  oxidised  under  the  favourable  conditions 
present  (access  of  air  at  an  elevated  temperature  and  presence  of 
putrescible  organic  matter).  The  nature  of  the  oxidised  fatty  acids 
is  completely  unknown  as  yet,  and  it  need,  therefore,  only  be  pointed 
out  that  Fahrion 1 conjectures  that  the  unsaturated  fatty  acids  are 
converted  into  “ peroxides  ” (cp.  also  below  “ degras-former  ”).  A 
certain  amount  of  confirmation  of  this  view  may  be  found  in  the  fact 
that  unsaturated  acids  are  somewhat  easily  converted  by  ozone  into 
ozonised  fatty  acids. 

About  50  per  cent  of  the  oil  originally  applied  is  found  to  be 
left  in  the  “ uncombined  ” state,  and  is  removed  by  one  of  the  two 
following  methods : — 

English  and  German  Method . — If  no  more  oil  can  be  recovered  by- 
pressing  or  wringing,  the  excess  is  removed  from  the  skins  by  washing 
with  alkaline  lyes.  The  emulsion  thus  obtained  is  similar  to  a wool 
grease  emulsion;  like  the  latter  it  is  acidified  with  sulphuric  acid,  and 
the  fatty  matter  separating  as  an  upper  layer  is  skimmed  off.  This 
fatty  substance  forms  the  sod  oil  of  commerce. 

Sod  oil,  in  contradistinction  to  d6gras,  contains  a considerable 
amount  of  water,  soap,  and  impurities,  such  as  hide  fragments,  etc. 
The  sod  oil  is  frequently  dehydrated 2 by  heating  in  a jacketed 
pan,  when  the  water  is  either  evaporated  off  or  settles  out  at  the 
bottom  of  the  pan.  Such  oil  is,  however,  as  Procter  3 states,  no  suitable 
substitute  for  the  genuine  degras  prepared  by  the  French  method. 

According  to  Procter ,4  many  English  manufacturers  have  adopted 
the  French  process,  so  that  their  product  does  not  differ  from  French 
moellon.  It  is  a mistake  to  “ evaporate  ” such  sod  oil,  as  the  value 
greatly  depends  on  the  state  of  emulsion  in  which  it  is  kept  by  the  water. 

French  Method. — The  skins  are  “ stocked,”  aired,  and  fermented  for 
a shorter  period  than  by  the  English  or  German  process,  so  that  a 
large  proportion  of  the  oil  can  be  obtained  from  the  skins  by  steeping 
them  in  warm  water  and  wringing  or  pressing  in  hydraulic  presses. 
The  oil  thus  obtained  is  called  “ premiere  torse  ” moellon.  The  oil  still 
retained  by  the  skins  is  recovered  by  washing  with  alkali,  as  is  done 
in  the  English  and  German  methods,  and  this  is  usually  added  to 
the  moellon. 

Whereas  genuine  moellon  consists  only  of  expressed  oil,  a second 
quality  termed  “ secunda  degras,”  or  shortly  “ degras,”  is  prepared  by 
mixing  genuine  moellon  with  blubber  oils,  or  neat’s  foot  oil,  or  solid 
fats  (such  as  tallow,  palm  kernel  oil).  This  product  is  still  included 
amongst  better  qualities  of  degras.  In  fact,  according  to  Procter , 
pure  moellon  is  never  sold  as  such,  but  is  always  mixed  with  tallow 
and  untreated  oils ; these  admixtures  cannot,  therefore,  be  regarded 
as  adulterants. 

1 Chem.  Zeit.  1903,  670.  2 Leather  Industries  Laboratory  Book , 1898,  204. 

3 Ibid.  4 Ibid. 
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Numerous  “substitutes”  of  d4gras,  or  artificial  d4gras  (“corroine”), 
occur  in  commerce,  consisting  of  highly  adulterated  d6gras,  or  of 
more  or  less  judiciously  prepared  mixtures  of  cod,  whale,  menhaden, 
sardine,  Japan  fish  oils,  blown  blubber  oils,1  fish  stearines,  tallow,2 
rosin,  oleic  acid,  “recovered  grease”  (p.  373),  mineral  oil,  etc. 

In  order  to  satisfy  the  great  demand  for  d6gras,  skins  are 
frequently  worked  up  simply  for  its  production,  being  oiled  and 
pressed  until  not  a rag  is  left.  D6gras  thus  prepared  must  still  be 
considered  genuine. 

Both  sod  oil  and  d6gras  contain  considerable  quantities  of  water, 
which  is  held  in  suspension  in  the  form  of  an  emulsion.  According 
to  Jean , the  emulsifying  agent  is  a “ resinous  substance  ” (< Ugraglne ) 
formed  in  the  course  of  the  oxidation  of  the  oil. 

This  “ resinous  substance  ” is  an  acid  ; it  has  a brown  colour,  melts 
at  65°-67°  C.,  dissolves  in  alkali,  but  is  not  precipitated  by  common 
salt  from  its  alkaline  solutions ; it  is  insoluble  in  water,  soluble  in 
alcohol  and  ether,  but  insoluble  in  petroleum  ether . 

Simand  described  the  same  substance  under  the  name  “ dtyras- 
former.”  This  “resinous  substance,”  or  “ degras- former ,”  is  an 
oxidation  product  (cp.  Yol.  I.),  and  most  likely  belongs  to  the  class 
of  oxidised  acids.  In  Fahrion’s 3 opinion  the  “ ddgras-former  ” is  a mix- 
ture of  oxidised  acids  (peroxides;  see  above)  and  their  anhydrides. 

It  is  desirable  that  the  use  of  such  unscientific  names  as  “ d6gras- 
former,”  “ resinous  substance,”  be  discontinued. 

Most  sod  oils  and  d6gras  contain  unsaponifiable  substances , introduced 
to  some  extent  with  the  unsaponifiable  matter  originally  contained 
in  the  marine  animal  oils  used  in  their  preparation. 

The  specific  gravity  of  dehydrated  degras  is  of  course  higher  than 
that  of  the  oils  from  which  it  is  prepared ; it  varies  from  0945  to 
0*955.  The  specific  gravity  of  degras  containing  water  approaches 
1*00.  If  the  dehydrated  d6gras  has  a lower  specific  gravity  than 
0*920,  admixture  of  mineral  oil  may  be  suspected.4 

An  examination  of  several  marine  animal  oils,  according  to 
Livache’s  method  (Yol.  I.  Chap.  VII.),  proved,  in  satisfactory  agree- 
ment with  practical  experience,  that  the  oils  that  are  best  suited  for 
the  production  of  d6gras  absorb  the  highest  amount  of  oxygen.  The 
proportions  of  oxygen  absorbed  by  oiled  skins  have  been  given  Yol.  I. 
Chap.  VII.  It  will  be  gathered  that  whale  oil  is  most  suitable  for 
this  purpose,  whereas  sperm  oil  is  almost  useless. 

The  following  table,  due  to  Eitner ,5  is  instructive,  as  showing  the 
differences  between  natural  oils  and  their  corresponding  sod  oils  : — 

1 Schill  and  Seilacher  have  patented  two  methods  for  preparing  artificial  degras,  viz. 
by  blowing  blubber  oils  with  air,  and  by  treating  with  hydrogen  peroxide. 

2 Of  course,  only  very  low  qualities  of  tallow  from  waste  fats  will  be  used  for  this 

purpose.  3 Journ.  Soc.  Chem.  Ind.  1891,  558. 

4 With  regard  to  the  determination  of  the  specific  gravity  and  a criticism  of 
Simand' s procedure,  cp.  Gawalowski,  Wiener  allg.  Gerber  Zeit.  1903,  No.  2. 

5 Der  Gerber , 1893,  257. 
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EXAMINATION  OF  SOD  OIL  AND  DEGRAS 

1.  Determination  of  Water. — 10  grms.  of  the  sample  are  mixed 
with  a sufficient  quantity  of  sand  to  give  a solid  and  almost  dry  mass. 
This  is  dried  at  120°  C.  to  approximately  constant  weight.  Fahrion 
proposed  the  following  modus  operand i,  which  has  been  adopted  by 
the  International  Association  of  Leather  Trade  Chemists  : — Heat 
10  grms.  slowly  in  a platinum  crucible  over  a small  flame  until  all 
the  water  has  been  driven  off ; the  end  of  the  operation  is  recognised 
by  the  appearance  of  a slight  evolution  of  vapours.  The  method 
given  by  Hopkins , Coburn , and  Spiller 1 has  been  abandoned  as 
incorrect.  A comparative  study  of  the  methods  proposed  for  the 
determination  of  water  in  sod  oil  and  moellon  has  been  made  by 
F.  W.  Alden.1 2 

French  d6gras  contains,  as  a rule,  from  15  to  25  per  cent  of 
water,  sod  oil  from  20  to  40  per  cent  (cp.  tables  below). 

2.  Ash. — This  is  determined  in  the  usual  manner.3  If  the  ash  has 
an  alkaline  reaction,  pointing  to  the  presence  of  soap  in  the  degras, 
the  amount  of  the  latter  may  be  approximately  determined  by  boiling 
the  ash  with  water,  filtering  and  titrating  the  filtrate  with  standardised 
acid.  The  amount  of  carbonate  thus  found  may  be  calculated  to 
soap. 

French  d6gras  contains  but  a few  hundredths  per  cent  of  ash, 
sod  oil  as  much  as  3 per  cent.  The  ash  should  be  examined  for 
iron,  as  iron  in  degras  is  apt  to  stain  leather.4 

3.  Mineral  Aeids. — A preliminary  test  is  made  with  litmus  paper. 
If  the  d6gras  is  found  acid,  the  sample  is  boiled  out  with  water,  and 
the  aqueous  layer  is  titrated  with  standard  alkali,  using  methyl- 
orange  as  an  indicator. 

Schmitz-Dumont  drew  attention  to  the  possible  presence  of  soluble 
fatty  acids.  He  advises  to  exhaust  the  aqueous  solution  with  ether. 
It  may  be  more  expeditious  to  titrate  the  mineral  acids  as  described, 
then  to  add  phenolphthalein,  and  to  again  titrate  until  the  solution 
becomes  pink. 

4.  Total  Impurities. — 10  grms.  are  digested  with  petroleum 

ether  boiling  below  75°  C.,  and  the  solution  is  filtered  off.  The 

residue  on  the  filter  is  then  washed  with  ordinary  ether  to  remove 

any  free  oxidised  acids,  and  the  residue  is  weighed.  The  difference 

between  the  weight  of  the  residue  and  the  weight  of  ash  gives 

1 Third  edition  of  this  work,  p.  1124. 

2 Journ.  Amer.  Leather  Chem.  Assoc.  1907,  12  ; 1908,  335  (L.  E.  Levi  and  E.  V. 
Manuel)  ; cp.  also  Fahrion,  Collegium , 1908,  21. 

3 According  to  Villon,  a syrupy  solution  of  magnesium  chloride  is  extensively  used 
for  mixing  with  degras.  20  per  cent  of  this  concentrated  solution  may  be  added 
without  being  detected  by  the  appearance  of  the  degras  or  by  an  abnormal  proportion  of 
water. 

4 Simand  states  that  as  little  as  0’05  per  cent  of  ferric  oxide  has  an  injurious  action. 
Addition  of  500  c.c.  of  a 1 per  cent  oxalic  acid  solution  to  100  kg.  of  degras  is  said  to 
remedy  this  defect. 
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the  amount  of  organic  impurities.  These  latter  consist  of  soap  and 
of  hide  fragments.  The  soap  may  be  removed  by  washing  the 
residue  with  water,  and  subsequently  with  alcohol.  The  residue 
left  on  the  filter  is  weighed,  incinerated,  and  weighed  again.  The 
difference  between  the  two  weights  gives  the  approximate  weight  of 
hide  fragments.  The  petroleum  ether  extract  gives  the  amount  of 
fatty  matter  free  from  oxidised  acids',  the  ether  extract  contains 
chiefly  the  oxidised  acids,  together  with  small  quantities  of  dissolved 
soap.  The  amount  of  the  latter  may  be  determined  by  incinerating 
and  calculating  the  amount  of  sodium  carbonate  found  in  the  ash 
to  soap,  the  fatty  acids  of  which  may  be  assumed  to  have  the  mean 
molecular  weight  300. 

5.  Unsaponifiable  Matter. — This  is  isolated  by  saponifying  the 
fatty  matter,  and  extracting  either  the  soap  solution  with  ether,  or 
the  dried  down  soap  with  petroleum  ether.  The  unsaponifiable  matter 
may  be  examined  according  to  the  methods  described  Yol.  I. 
Chap.  IX.  According  to  Meunier  and  Taney,1  the  amount  of 
unsaponifiable  matter  varies  from  1 to  6 per  cent,  calculated  on  the 
anhydrous  d£gras.  If  it  exceed  the  highest  figure,  adulteration 
with  hydrocarbons,  or  wool  grease  (cp.  p.  369),  or  distilled  grease 
must  be  suspected.  The  detection  of  cholesterol  is  not  sufficient 
proof  for  the  presence  of  wool  grease  or  distilled  grease,  as  low-class  fish 
and  liver  oils  contain  notable  proportions  of  this  alcohol ; but  the 
appearance  of  a green  fluorescence  would  point  to  the  presence 
of  isocholesterol,  and  inferentially  to  that  of  wool  grease  or  of  distilled 
grease.  Since  raw  wool  grease  is  not  completely  saponified  by 
means  of  half-normal  alcoholic  potash,  part  of  its  waxes  passes  into 
the  unsaponifiable  portion.  If,  on  saponifying  the  latter  under 
pressure,  or  with  sodium  alcoholate,  a definite  saponification  value 
is  obtained,  the  presence  of  wool  wax  may  be  suspected.  From  the 
saponification  value  thus  determined  the  quantity  of  wool  wax  may  be 
approximately  calculated.  Confirmation  is  obtained  by  acetylating 
the  unsaponifiable  matter,  and  examining  it  according  to  the  methods 
described  Yol.  I.  Chap.  IX. 

6.  Oxidised  Acids. — These  are  recovered  from  the  ether  extract 
obtained  as  described  under  4.  It  is,  however,  preferable  to 
determine  their  amount  in  a fresh  quantity  of  the  sample  by 
Fahrion7s  method  described  Yol  I.  Chap.  VIII. 

According  to  Simand,  a sample  may  be  considered  pure  if  it 
yield  at  least  12  per  cent  of  oxidised  acids,  calculated  to  a d6gras 
containing  20  per  cent  of  water.  Good  samples  contain  higher 
proportions  of  oxidised  acids.  According  to  Meunier  and  Taney, 
however,  even  12  per  cent  is  too  high,  for  most  French  moellons  of 
excellent  quality  contain  much  less,  mostly  from  2 to  10  per  cent. 

7.  Free  Fatty  Acids. — These  are  determined  in  the  usual  manner 
(Yol.  I.  Chap.  VI. ).  The  free  fatty  acids  are  usually  calculated  to  oleic 
acid.  The  fatty  matter  obtained  from  d6gras  contains,  as  a rule, 

1 La  Tannerie,  p.  508.  a Ibid.  p.  501. 
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15  to  20  per  cent  of  free  fatty  acids.  In  the  commercial  valuation  of 
degras  and  sod  oil  the  proportion  of  free  fatty  acids  plays,  however, 
no  important  part. 


Jean  gives  the  following  analyses  of  seven  samples  of  degras  : — 


1 

2 

3 

4 

6 

6 

7 

Water  . . per  cent 

18-90 

14-84 

12-93 

28-90 

19-20 

5-39 

8-90 

Ash  . . . ,, 

0-25 

0-13 

0-55 

0-70 

0-07 

0-25 

1-21 

Hide  fragments  . , , 

0-30 

0-30 

0-09 

0-58 

0-27 

1-59 

Oils  ... 

69*71 

74-65 

80-00 

66-93 

75-66 

84*87 

72-15 

Unsaponifiable  . ,, 

6-84 

6"  05 

Oxidised  acids  . 

4-00 

4-05 

5-81 

3*52 

4-80 

9 ’-46 

16-15 

The  following  table  reproduces  Simand’s  analyses  of  some  specimens 
of  degras  and  of  sod  oil : — 


Oxidised 

Acids. 

Melting  Point 
of  Fatty 
Acids. 

Soap. 

Original  Degras. 

Hide  Frag- 
ments. 

Water. 

French  degras,  anhydrous  No.  1 
>>  »»  >>  2 

» *!  U ^ 

Sod  oil  ,,  ,,  1 

2 

»>  M »»  3 

Per  cent. 
19-14 
18-43 
18-10 
20*57 
18-63 
17*84 

0°  O. 

18-0-28-5 

28-5-29*0 

31-0-31-5 

33-5-34-0 

27- 0-27-5 

28- 0-28-5 

Per  cent. 

0-73 

0-49 

0-68 

3-95 

3-45 

3-00 

Per  cent. 

0-07 

0-12 

0-18 

57 

5-9 

4-5 

Per  cent. 
16-5 
20-5 
12-0 
35-0 
28-0 
30-5 

The  quantitative  reactions,  such  as  the  determination  of  the 
saponification  and  iodine  values,  have  been  used  by  several  chemists 
in  the  examination  of  d6gras.  It  should,  however,  be  borne  in  mind 
that  in  this  case  they  afford  but  little  discriminative  value.  A large 
quantity  of  mineral  oils  is  more  readily  detected  by  the  determination 
and  examination  of  the  unsaponifiable  matter  than  by  the  saponification 
value. 

An  exhaustive  examination  of  a number  of  d6gras  by  the  usual 
quantitative  methods  was  made  by  Ruhsam.1  His  results  are  given 
in  the  following  table  : — 

1 Journ.  Soc.  Chem.  Ind.  1892,  639. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

10 

11 

Iodine  Value. 

Acid  Value. 

Saponification  Value. 

Mgrms, 
of  KOH 
per  ^ram, 
corre- 
. sponding 
to 

Lactones. 

No.  of 
Sample. 

Water. 

Original 

Degras. 

An- 

hydrous 

Degras. 

Insoluble 

Fatty 

Acids. 

Acety- 

lated 

Fatty 

Acids. 

Original 

Degras. 

An- 

hydrous 

Degras. 

Original 

Degras. 

An- 

hydrous 

Degras 

1 

Per  cent. 
19T 

60-4  . 

74-7 

70-5 

73  T 

30-5 

37-7 

— 
38-8  1 

2 

12-9 

55-9 

64-2 

58-6 

527 

63-3 

72-7 

96-2 

110-4 

28-7  1 

3 

12-4 

67-8 

77*4 

75-4 

90-4 

35-2 

40-2 

97-0 

110-7 

43-4 

4 

15*9 

65-9 

78-4 

70-2 

66-6 

421 

50 -1 

113-4 

134-8 

30-8 

5 

16*4 

65-0 

77-8 

78-5 

76-2 

44-1 

52-7 

114-9 

137-4 

22-4 

6 

11*5 

67*8 

76-6 

76-5 

75-7 

57*4 

64-9 

96-3 

108-8 

53-8 

7 

13-9 

83-3 

96-7 

95-9 

889 

33-1 

8 

17-3 

69-2 

83-7 

93-4 

102-7 

23 :9 

28-9 

83-4 

100-8 

100-4 

9 

16-6 

67-5 

80-9 

43-4 

52-0 

117-8 

141-2 

... 

10 

5*3 

70-5 

74-4 

79-3 

73-0 

51-2 

54-1 

118*6 

125-2 

30-7 

11 

1277 

127-7 

142-3 

127-4 

163-8 

31-4  | 

12 

126  7 

106-0 

101-9 

186-0 

53-9  j 

Mean  of 

1-10 

}- 

78-5 

77-6 

77-7 

50-4 

121-2 

1 

42-4 

1 

The  samples  1-9  represent  French  artificial  degras.  No.  10  is  a 
so-called  “emulsion  fat,”  No.  11a  moellon  prepared  by  Ruhsam  from 
the  whale  oil  described  under  No.  12.  The  acetyl  values  given  in 
the  original  paper  have  been  omitted  here  for  the  reasons  stated  in 
Yol.  I.  Chap.  VI. 

Schmitz-Dumont’s  results,  obtained  in  the  examination  of  a number 
of  d6gras  and  commercial  products  yielding  high  proportions  of 
unsaponifiable  matter,  are  contained  in  the  following  table : — 
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No. 

Water. 

Ash. 

Insoluble 

in 

Petroleum 

Ether. 

Fatty 

Matter. 

Un- 

saponi- 

liable 

Matter. 

Oxi- 

dised 

Acids. 

Anhydrous  Fat. 

Acid 

Value. 

Saponitic. 

Value. 

Iodine 

Value. 

Per 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

1 

Degras 

13-31 

0-32 

0-31 

86-1 

3-1 

11-03 

108-0 

185-8 

69 

2 

,, 

1005 

0-18 

0-24 

89-5 

3-4 

14-13 

119-0 

188-0 

52-8 

3 

„ 

10-24 

0-28 

0-28 

89-2 

10 

1-49 

104-0 

181-8 

70-7 

4 

„ 

8-49 

0-06 

0-31 

91-1 

0-91 

9-25 

34-5 

208-5 

106-0 

5 

17-33 

0-27 

0-14 

82-3 

2-51 

0-95 

29-2 

206-0 

122-0 

6 

10-59 

0-20 

010 

89-1 

3-1 

10-93 

112-0 

181-2 

63-9 

7 

1-53 

0-70 

0-04 

97-7 

1-85 

16-17 

112-0 

170 

62-5 

8 

Moellon,  pure 

18-45 

0-07 

0-09 

81-4 

2-04 

11-65 

25-7 

215-5 

89-1 

9 

,, 

19-88 

0-03 

0-46 

79-63 

0-45 

1-46 

47-4 

214-0 

115-0 

10 

Moellon-degras 

11-65 

0-63 

0-98 

86-74 

3-27 

2-01 

17-4 

196-7 

126-0 

11. 

Oxidised  blubber 

10-43 

0-50 

0-21 

88-86 

1-44 

1-61 

17-0 

192-3 

129-0 

oil 

12 

Oxidised  emul- 

7*45 

0-41 

0-08 

92-1 

2-72 

9-74 

17-0 

196-3 

107*8 

sion  fat 

13 

'Degras 

13-88 

0-14 

0-22 

86-8 

40-6 

4-06 

35-0 

99-8 

52-9 

14 

yy 

14-16 

0-58 

0-97 

84-3 

18-9 

3 "73 

32-4 

137-4 

80-6 

15 

& 

,, 

25-46 

0 07 

1-25 

73-22 

14-29 

5-99 

33  0 

206-4 

101  -8 

16 

’5b 

18-79 

0-46 

0-31 

80-44 

23-61 

5-33 

31-0 

135-4 

72-3 

17 

Degras-moel- 

15-79 

0-05 

0'22 

83-94 

28-1 

1-84 

40-5 

113-2 

72-1 

lon 

18 

Degras 

7-59 

0-26 

0-38 

91-8 

33-12 

3-39 

39-7 

93-0 

49-9 

19 

g 

“ Mutton  de- 

16-49 

0-31 

0-74 

82-5 

8-5 

5-51 

39-4 

194-0 

104-3 

gras  ” 

20 

Degras  moel- 

14-29 

0-29 

0-38 

85-04 

14-1 

4-96 

38-4 

180-0 

102-0 

o 

lon 

21 

Degras 

20-37 

0-08 

0-45 

79-1 

40-3 

2-95 

24-0 

86-0 

49-5 

22 

30-29 

0-25 

0-22 

69-24 

2-23 

6-55 

54*6 

201-0 

90-0 

23 

Fat  from  sod  oil 

100-0 

| 

0-71 

16-84 

71'3 

234-0 

61-0 

Similar  analyses,  published  by  Tortelli , are  reproduced  in  the 
following  table  : — 
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Iodine  Value  of 

Anhy- 

drous 

Sub- 

stance 

(calcu- 

lated). 

CO 

<N  io 

1 XO  UO 
1 

139-7 

OOOiffiWOHilNON 

COOOujlQOOONOO 

OOX-phOiOiOOvQVO 

Original 

Sub- 

stance.1 

r-  © 
»o  -tS 

CO  CO 

139-7 

0^©(»N©^H(N 
Ol  Hjt  lO  CO  Hjl  05  IQ  O O 
tOtO©XOTfiCOHtl-^XO 

Saponification 
Value  of 

Anhy- 

drous 

Sub- 

stance 

(calcu- 

lated). 

221-0 

239-0 

<p 

cq 

05 

I— 1 

ppppfoocq© 

ooajcomoofficq 

00  05  050ININHO 
(Nhhhhhhhh 

Original 

Sub- 

stance. 

155-0 

144-0 

cq 

05 

pcqppppppo 

IMH^OOlQlQINil 

x>-cototocq©©©co 

r— 1 H »— 1 r-H  H i— 1 rH 

Acid  Value  of 

Anhy- 

drous 

Sub- 

stance 

(calcu- 

lated). 

lO  <M 
X>-  ^ 

rH  rH 
IQ 

cq  o oo  cq  o h rji  oo  n 
p^HomoipiNcq 
ON->#05uQr)<H}l^^ 
(NINHHHHINCqrH 

Original 

Sub- 

stance. 

35-75 

25-08 

68-6 

hXO5(N>OC0  05  05KC0 
pTjix^ppHjicqx^p 

icqHHHrHOSOOCq 

HOrlrlHrlrlrlH 

Oxidised  Acids 

in 

Anhy- 

drous 

Sub- 

stance. 

CO 
Cl o 

to  CO 
cm  cq 

o 

OO 

CO 

N00h)<(MHNN05O 
NyOOWnf  OOOiQ 

HWOOHHIQONIQ 
t-H  t— 1 i— 1 

in 

Original 

Sub- 

stance. 

18-03 

14-09 

05 

V— 

CO 

OCOlOntlHOOOOO 
05  Cq  OO  05  05  -HI  XC5  CO  ^ 

Unsa- 

poni- 

fiable 

Matter. 

Per 

cent. 

to  to 

CO  p 

Cq  Ah 

© 

cp 

rH 

tO  t — 1 XO  CO  XO  X>-  tO  tO  05 
HO(NWNt,lQC^lQ 

HOINHOOlQOIMN 
rH  H CO  cq  rH 

CO  J-i  ■£} 

rs  <d  w 

OQ  * § 

t-  O 
7* 

© o 

O 

© 

co  h*  cq  to  cq  cq 

ppppppppp 

ooooooooo 

Insol- 
uble in 
Petro- 
leum 
Ether. 

Per 

cent. 

X^  OO 
O r-t 

lO  XO 

50  § S ®MO!NCqcO 
rH  -eS  cS  00)  t^-H  (p)  OO 

o££42oo©o© 

Ash. 

Per 

cent. 

1-83 

1-79 

CO 

p 

© 

HCqOSOOOlQOOOH 

HM^nOlQrlOW 

©©<©©©©©©© 

Water. 

Per 

cent. 

31-13 

39'60 

o 

cq 

© 

■^COOOOOiCClOO© 
NH  MNOOM  HfX^OO 
XHOONOlNHHCqO 
HHH(M(NCTCqiMH 

Specific 
Gravity 
at  18°  C. 

1-0025 

0-9993 

0-9172 

xoxoxatococooototo 

CO©^tO©©©©rH 
T#  Td  ^ HI  Tji  ^ ^ IQ  IQ 
©0505050505050505 
©©©©©©©©© 

Natural  degras  from  chamoising 

Fish  oil,  used  in  degras  manufacture 

Commercial  “degras,”  German 
,,  ,,  French 

,,  ,,  French 

,,  ,,  French 

,,  ,,  German 

,,  ,,  German 

,,  ,,  French 

,,  „ Belgian 

,,  ,,  Belgian 

No. 

r— h cq 

CO 

TjHiotot>-oo©©!-Hcq 

The  iodine  value  was  determined  in  the  substance  containing  water. 
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Hopkins,  Coburn,  and  Spiller 1 examined  twelve  American  sod  oils. 
The  maxima  and  minima  are  given  in  the  following  table.  The 
numbers  are  calculated  in  terms  of  anhydrous  sod  oil : — 


Water. 

Ash. 

Mineral 
Acid  in 
terms  of 
KOH. 

Oil,  etc., 
soluble 
in  Petro- 
leum 
Spirit. 

Soap, 

etc., 

soluble 

in 

Alcohol. 

Hide 

Frag- 

ments. 

Un- 

saponifi- 

able 

Matter. 

Oxi- 

dised 

Acids. 

Free  Fatty 
Acids. 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Minimum 

roi 

0-05 

1-13 

56-62 

0-68 

0'15 

0-37 

1-09 

32*65 

Maximum 

40-61 

1-045 

91-51 

96-60 

8-81 

299 

42-62 

26-44 

34-26 

Artificial  Degras 

It  has  been  pointed  out  already  that  pure  moellon  is,  as  a rule, 
mixed  with  tallow  and  untreated  oils  ; hence  these  admixtures  cannot 
be  regarded  as  adulterants.  Frequently  even  vegetable  oils  are 
admixed  to  d6gras.  A large  number  of  artificial  d6gras  are  now 
made  by  blowing  fish,  liver,  and  blubber  oils  2 with  air,  in  the  manner 
in  which  “blown  oils”  are  prepared,  or  by  treating  with  ozone,  in  the 
hope  of  imitating  the  natural  process  of  oxidation  which  the  oils 
appear  to  undergo  whilst  skins  are  being  converted  into  chamois 
leather.  Thus  Baron 3 prepared  an  artificial  degras  by  blowing 
neutral  wool  fat  and  cod  liver  oil  or  whale  oil,  finally  treating  the 
mixture  with  hydrogen  peroxide  and  water.  This  product  forms  an 
emulsion  with  water. 

A number  of  artificial  degras  are  now  offered  under  fancy  names, 
such  as  “ Corroine ” (a  mixture  of  vaseline  and  wool  fat,  emulsified  with 
water  4),  “ A'erisine  ” (blown  rosin  oils),  etc.5  It  need  hardly  be  pointed 
out  that  such  products  are  harmful  preparations. 


3.  Stuffing-Greases 

French — Enduit  pour  peaux.  German — Ledereinfettungsmittel, 

Lederschmieren. 

Stuffing-greases  consist  of  a mixture  of  d6gras  with  horse  fat,  skin 
grease,  bone  fat,  and  tallow,  or  of  a mixture  of  tallow  and  fish 
stearine,6  and  similar  waste  fats  (see  1,  “ Greases,”  p.  344).  Some 
stuffing  - greases  are  nothing  else  but  distilled  grease  stearine 

1 Journ.  Amer.  Chem.  Soc.  1899,  291. 

2 Cp.  Schill  and  Seilacher,  footnote  1,  p.  353. 

3 Rev.  Chim.  Ind.  1897,  225.  4 Journ.  Soc.  Chem.  Ind.  1895,  815. 

5 Cp.  French  patents  356,936  (L.  Vultee),  357,525 ; German  patent  166,752 
(Schowalter). 

6 “Dubbin,”  a mixture  of  tallow  and  cod  oil,  serves  the  same  purpose. 
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(p.  375)  or  even  “recovered  grease”  (p.  369);  others  again  con- 
tain a considerable  proportion  of  hydrocarbons  of  high  specific 
gravity,  mineral  waxes,  rosin,1  and  even  of  lime.  The  last-mentioned 
stuffing-greases  must  be  looked  upon  as  adulterated  articles  which  are 
likely  to  act  detrimentally  on  the  leather. 

Stuffing-grease  for  tanned  leather  (such  as  is  used  for  kid  gloves) 
contains  egg  oil  (see  Vol.  II.  Chap.  XIV.  p.  397). 

Stuffing-greases  are  employed  to  give  tanned  leather  the  supple- 
ness and  pliability  which  is  demanded  of  the  finished  article,  and  to 
render  it  at  the  same  time  waterproof.  The  oils  and  fats  used  for 
this  purpose  do  not  act  merely  as  a lubricant,  for  a lubricating  oil 
(or  grease)  would  not  fulfil  the  desired  object,  but  would  rather  tend 
to  pass  through  the  leather  and  reappear  at  the  under  side  as  a 
grease  stain.  (This  happens  if,  e.g.,  castor  oil  or  ordinary  fish  oil  is 
used  in  place  of  a proper  stuffing-grease.)  The  more  intimately  a 
stuffing-grease  is  divided  over  the  animal  fibre,  the  better  it  seems  to 
act,  and  it  is  for  this  reason  that  natural  oils  and  fats  are  used 
in  conjunction  with  d6gras,  which,  being  in  itself  an  emulsion  of 
water  and  fats,  has  the  property  of  emulsifying  the  added  natural  oils 
and  fats  and  distributing  them  in  the  fibre.  The  same  object  is 
arrived  at  by  employing  wool  grease.  As  the  fatty  materials  are 
exposed  to  the  air  in  a state  of  extremely  fine  division,  oxidation 
of  the  unsaturated  compounds  takes  place  readily. 

The  absorption  of  the  stuffing-grease  by  the  fibres  tends,  at  the 
same  time,  to  increase  the  weight  of  the  leather  (“  nourish  ” the 
leather). 


4.  Curriers’  Grease 

The  excess  of  stuffing-grease  which  has  not  been  absorbed  by  the 
leather  is  scraped  off  by  hand;  sometimes  it  is  even  “boiled”  off  the 
leather  by  immersion  in  hot  water.  The  product  so  obtained  is 
known  as  “ Curriers’  grease.” 

Crude  curriers’  grease  contains  fibres  from  the  skin  and  other 
impurities,  in  addition  to  those  originally  contained  in  stuffing- 
grease.  The  crude  grease  is  purified,  either  by  melting  over  water 
and  subsidence,  or  by  hot-pressing  in  a hydraulic  press. 

If  the  original  stuffing-grease  consisted  of  fairly  good  tallow  and 
whale  stearine,  then  the  commercial  curriers’  grease  obtained  from  it 
represents  a light  brown  mass,  containing  small  amounts  only  of 
unsaponifiable  matter  and  of  free  fatty  acids.  Such  greases  can 
therefore  be  employed,  and  are  indeed  employed,  in  the  manufac- 
ture of  low-class  soaps.  If,  however,  the  original  stuffing -grease 
contained  a large  amount  of  unsaponifiable  matter  from  whale  grease, 
or  considerable  quantities  of  fish  oils  and  whale  oils,  then  the  propor- 
tion of  oxidised  acids  and  unsaponifiable  matter  is,  of  course,  high. 

1 Lund  (English  patent  19,495,  1906  ; German  patent  195,410)  claims  the  admixture 
of  glutin  or  albumen  to  stuffing- greases.  H.  Schowalter  (French  patent  35 <, 525)  pro- 
tects a mixture  of  ordinary  fish  oil  with  a caoutchouc  solution  in  oil  of  turpentine  and 
aniline  oil. 
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Such  inferior  curriers’  greases  are  therefore  entirely  unsuitable  for 
soap-making  and  are  sold  as  “animal  grease,”  or,  if  the  consistence  be 
very  soft,  as  “animal  oil”  (see  p.  347). 


5.  Waste  Greases  from  Leather 

These  greases  are  considered  here  separately  from  those  described 
under  1 (p.  344),  as  their  composition  is  not  yet  completely  known. 

(a)  Extracted  Grease  from  Tanned  Skins 

During  recent  years  the  removal  of  grease  from  tanned  skins  has 
assumed  the  dimensions  of  a large-scale  chemical  operation.  Hides 
and  skins,  even  of  the  largest  size,  are  now  extracted  with  “ benzine  ” 
(in  hermetically  closed  square  tanks)  in  a manner  simulating  the  extrac- 
tion of  seeds,  etc.  (see  Yol.  II.  Chap.  XIII.).  The  composition  of  the 
grease  from  tanned  leather  has  not  yet  been  ascertained.  It  contains 
considerable  quantities  of  unsaponifiable  matter,  and  (perhaps  in  con- 
sequence thereof)  possesses  the  property  of  emulsifying  a considerable 
amount  of  water.1  The  consistence  of  this  grease  is  that  of  a thin 
salve.  The  “benzine”  used  for  “degreasing”  the  leather  should 
distil  mainly  between  90°  C.  and  100°  C.  ; small  quantities  only 
should  distil  below  or  above  these  limits.2  With  regard  to  the  use  of 
carbon  tetrachloride  3 in  place  of  benzine  cp.  Yol.  II.  Chap.  XIII. 

(b)  Grease  from  Wash-Leather  Cuttings 

Wash-leather  cuttings  and  clippings  from  tawed  skins,  which  are 
worked  up  for  the  manufacture  of  glue,  contain  considerable  amounts 
of  grease  which  must  be  removed  from  the  solution  of  gelatin.  The 
cuttings  are  submitted  to  a preliminary  steeping  in  lime  water, 
whereby  a portion  of  the  free  fatty  acids  is  converted  into  lime 
soap.  The  steeped  clippings  are  then  boiled  up  with  water,  when 
the  grease  rises  to  the  top  as  a scum,  which  can  be  readily 
skimmed  off.  The  • crude  grease  is  boiled  up  with  sulphuric  acid  to 
decompose  the  lime  soap.  The  mixture  of  free  fatty  acids  and  neutral 
fat  which  rises  to  the  top  is  sold  for  making  low-class  soaps  — 
especially  on  the  Continent  — under  the  name  of  “ Leimfett,” 
“ Sudfett.” 

(c)  Grease  from  Leather  Refuse 

Owing  to  the  rise  in  the  price  of  fats  in  1907  attention  was 
directed  to  the  fat  contained  in  leather  clippings.  The  cuttings  of 
leather  from  tanneries  and  boot  factories  were  extracted  with  petro- 
leum ether  before  they  were  converted  into  manure,  or  (prussiate) 

1  Private  communication  from  J.  T.  Wood. 

2  Trotman,  Journ.  Soc.  Chem.  Ind.  1906,  1202. 

3  Cp.  French  patent  373,683. 
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char.  According  to  Lob1  sole-leather  is  practically  free  from  fat, 
whilst  “ uppers  ” contain  from  8 to  28  per  cent ; leather  made  from 
horses’  hides  contains  much  less  fat  than  do  calf  skins.  The  waste 
leather  chips  (“  Blanchierspane  ”)  obtained  on  dressing  the  stuffed 
and  finished  leather  contain  up  to  40  per  cent  of  fat. 

The  greases  recovered  by  extracting  clippings  with  petroleum 
ether  are  dark  brown  or  black,  and  would  compare  in  this  respect 
with  “ animal  greases  ” or  “ animal  oils.”  They  may  be  identified 
by  their  unpleasant,  tan-like  odour.  They  invariably  contain  con- 
siderable amounts  of  unsaponifiable  matter  and  free  fatty  acids. 
These  products  are  worked  up  in  the  same  manner  as  “animal 
oils  ” and  “ animal  greases  ” are  treated,  namely,  by  acidification  and 
subsequent  distillation. 


C.  MIXED  WASTE  GREASES 

1.  Fuller’s  Grease — “Seek  Oil” 

French — Graisse  de  f onion.  German — Walkfett. 

Fuller’s  grease  is  the  fatty  substance  recovered  from  the  soap 
suds  which  have  served  for  scouring  silk,  woollen,  or  cotton  (dyed 
Turkey-red)  goods  by  acidifying  the  suds  with  a mineral  acid.2  The 
fatty  mass  thrown  up  by  the  acid  is  known  in  Yorkshire  under  the 
name  “ magma  ” (or  “ seek,”  also  “ sake  therefore  “ seek  oil  ” means 
fuller’s  grease),  and  on  the  Continent  as  “ poudrette.”  It  is  put  into 
bags,  and  subjected  to  pressure  whilst  hot,  when  the  dirt  (fibres,  etc.) 
remains  behind  (as  “ sud-cake  ”),  whereas  the  expressed  fatty  matter  is 
collected  in  tanks  below  the  press. 

The  process  of  precipitating  the  waste  wash- water  with  lime 
and  decomposing  the  lime  soaps  with  mineral  acid  is  now  an 
antiquated  one. 

According  to  the  quality  of  the  soap  used  for  scouring  the  goods 
(and,  in  the  case  of  grease  from  woollen  mills,  according  to  the 
quality  of  wool  oil  that  has  been  used  in  the  preparing  of  the  wool), 
the  quality  of  fuller’s  grease  will  vary ; hence  the  uses  to  which 
fuller’s  grease  is  applied  also  vary.  Thus,  the  suds  from  silk  scour- 
ing or  best  woollen  goods,  for  which  olive  oil  soap  has  been  used,  will 
yield  almost  pure  fatty  acids,  which  may  be  converted  into  soap 
without  further  purification,  whereas  the  suds  from  the  lowest  union 
goods  contain  considerable  quantities  of  mineral  oil  or  other  hydro- 
carbons and  dirt.  Therefore  such  crude  grease  must  be  purified  by 
distillation.  The  distilled  product  so  obtained  is  separated  into 
“ stearine  ” and  “ oleine  ” ; the  latter  is  used  as  wool  oil,  or  (on  the 
Continent)  for  soap-making  purposes  (p.  266).  An  intermediate 
1 Chem.  Zeit.  1906,  935. 

2 Cp.  English  patent  23,259,  1899  ; Ruinat,  Belgian  patent  210,289. 
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quality  of  fuller’s  grease  is  prepared  by  purifying  the  crude  material 
by  filtration.  This  material  is  likely  to  contain  mineral  acid. 

The  commercial  examination  of  fuller’s  grease  is  identical  with 
that  of  wool  oils  (p.  77). 

2.  Black  (recovered)  Oil 

French — Huile  noire.  German — Blackol , Tuchol,  Extraidol,  Pressol. 

This  oil  is  expressed  or  extracted  from  the  greasy  waste  of 
woollen  mills,  which  is  collected  from  underneath  the  carding  and 
scribbling  machines.  Its  composition  is  almost  identical  with  that  of 
the  oil  employed  for  oiling  the  wool  in  the  carding  process,  provided 
lubricating  oil  is  not  allowed  to  become  intermixed  with  it.  This  oil 
may  comprise,  therefore,  all  gradations  from  a rancid  olive  oil, 
through  oleic  acid,  down  to  the  lowest  class  of  wool  oils  containing 
more  than  50  per  cent  of  unsaponifiable  matter. 

The  recovered  oil  is  usually  returned  to  the  manufacturers  of  low- 
class  wool  oils,  who  redistil  it  and  thus  obtain  a purified  wool  oil 
which  is  used  for  low-class  goods  or  is  blended  with  other  wool  oils. 

Similar  in  composition  to  “ black  oil  ” is  the  oil  obtained  from 
used  engine  cloths,  greasy  cotton  waste,  and  other  grease-laden  textile 
goods.  Such  material  is  worked  up  in  special  establishments  where 
the  fatty  matter  contained  therein  is  recovered  by  extraction  with 
petroleum  ether,  or  benzene.1  If  the  recovered  fat  is  valuable,  the 
extraction  is  often  done  merely  for  the  sake  of  the  oil,  the  cleaned 
material  being  returned  to  the  owner  free  of  charge. 

3.  Garbage  Fats 

French — Graisses  P ordures  menaghes  ( d’immondices ). 

German — Kehrichtfette. 

Under  the  name  “garbage”  fats  may  be  comprised  all  those  fats 
contained  in  refuse  which  does  not  find  its  way  into  the  sewers. 
Such  refuse  is  generally  collected  by  the  municipalities  and  destroyed 
as  soon  as  possible,  the  primary  object  being  to  remove  it  rapidly 
from  inhabited  areas  and  dispose  of  it  in  a sanitary,  or  at  any  rate 
in  the  least  objectionable  manner.  The  system  in  vogue  in  this 
country,  and  rapidly  superseding  the  older  method  of  dumping  on 
waste  land,  is  to  destroy  the  refuse  in  specially  designed  destructors, 
after  a rough  sorting  out  of  tins,  iron  pots,  old  leather,  etc.,  has  taken 
place  in  the  destructor  works.  Thus  all  putrescible  matter  together 
with  the  fat  present  is  destroyed,  and  the  waste  gases  are  used  for 
heating  steam  boilers,  the  steam  from  which  is  usually  employed 
for  generating  electricity  (or  for  providing  the  necessary  steam 
for  sewage  works  operated  in  conjunction  with  destructor  works). 
The  refuse  (hard,  burnt  clinker)  is  broken  up  and  used  as  stone 

1 Cp.  S.  G.  Hall,  Eng.  pat.  10,156,  1904  ; E.  Ridgill,  Eng.  pat.  15,231,  1905. 
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or  gravel  or  sand  in  concrete-making,  or  is  disposed  of  for  cement 
making. 

As  in  the  foregoing  process  all  the  fat  is  destroyed,  efforts  have 
not  been  wanting  to  recover  the  fatty  matter.  In  the  United 
States  of  America 1 especially  methods  for  the  disposal  of  garbage  have 
been  developed.  An  early  process  (operated  in  Buffalo  in  about 
1885)  consisted  in  extracting  the  garbage  with  benzine.  This 
process  has,  however,  been  superseded  by  cheaper  processes  comprised 
under  the  term  “reduction  processes.”  These  processes  closely 
simulate  the  methods  described  under  “Menhaden  Oil”  (Vol.  II. 
p.  338)  and  Slaughter-House  Greases  (Yol.  III.  p.  344).2 

The  best  known  process,  worked  in  several  cities  of  America  by 
private  enterprise  (in  Cleveland,  however,  the  municipality  has  a 
reduction  plant)  is  the  Arnold-Egerton  process,  in  which  the  extraction 
of  the  fatty  matter  is  performed  by  purely  mechanical  means.  The 
garbage,  after  a preliminary  sorting  out  of  tins,  etc.,  etc.,  is  delivered 
into  large  digestors,  holding  about  8 tons,  in  which  the  mass  is  boiled 
up  with  steam  (“cooked”).  When  filled,  these  are  screwed  down 
and  the  mass  is  “ cooked  ” at  80  lbs.  pressure,  for  a length  of  time 
which  varies  with  the  material  and  with  the  seasons.  The  vapours 
escaping  through  a vent  are  condensed  by  a jet-condenser  and  the 
condensed  water  is  run  into  the  sewers.  After  the  steam  is  turned 
off  a separation  into  three  layers  takes  place.  At  the  bottom  collects 
the  solid  matter  “ tankage  ” ; over  this  rests  an  aqueous  layer,  on  the 
top  of  which  floats  the  separated  grease.  The  grease  is  taken  off 
and  sold  for  the  manufacture  of  low-class  soaps,  etc.  It  is,  as  a rule, 
of  a dark  brown  colour ; its  composition  is  that  of  a low-class  grease 
containing  a considerable  amount  of  free  fatty  acids  and  also  un- 
saponifiable  matter.  The  tankage  is  run  into  special  “ forms  ” made 
of  sacks  and  rags.  These  are  subjected  to  hydraulic  pressure,  whereby 
adhering  grease  is  expressed,  together  with  the  water.  The  water 
and  grease  are  conducted  to  settling  basins,  where  the  grease  separates. 
The  press  residue  is  heated  in  driers,  ground  and  screened,  and  sold 
as  low-grade  manure. 


4.  Sewage  Fats 

French — Graisses  des  eaux  d’egouts , des  eaux  vannes . 

German — A bwcisserfette. 

Sewage  water  (French — Eaux  d’e'gouts ; waste  water  from  house- 
holds, abbatoirs,  etc.)  contains  fatty  matter  in  the  form  of  soap, 
unsaponified  fat,  free  fatty  acids,  and  unsaponifiable  matter.  As 
sewage  water  is  of  an  extremely  putrescible  nature,  sanitary  con- 

1 Cp.  Journ.  Soc.  Chem.  lnd.  1908,  376-383. 

2 Cp.  S.  E.  Wilson,  United  States  patent  709,384  (1902)  ; German  patent  149,551. 
Edson  Reduction  Machinery  Company,  English  patent  7519,  1903  ; United  States  patent 
739,998  ; English  patents  22,241,  22,242,  1905  ; 19,727,  1906.  Wiselogel,  United 
States  patent  857,372,  (1907).  C.  S.  Wheelwright  and  J.  T.  Fiske,  English  patents  2561, 
1903  ; 14,482,  14,483,  14,484,  14,709,  1904  ; 8924,  1907  ; German  patents  165,576, 
199,945. 
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ditions  require  its  immediate  removal  (from  houses,  etc.),  and  both 
rapid  and  careful  treatment  at  the  sewage  works,  so  as  to  render 
the  effluent  innocuous.  The  proper  disposal  of  the  objectionable 
matter  offers  one  of  the  most  difficult  problems  which  confront 
municipalities,  as  the  cost  of  such  disposal  must  naturally  play  a 
very  important  part  in  the  selection  of  that  method  which  is  best 
adapted  to  local  conditions.  The  full  consideration  of  these  methods 
falls  outside  the  scope  of  this  work ; here  we  can  only  deal  with  this 
subject  from  the  point  of  view  of  the  fat  recovery. 

Up  to  about  a decade  ago  no  attempt  had  been  made  to  recover 
the  fatty  matter.  In  the  precipitation  processes,  which  are  employed 
to  a great  extent,  the  fatty  matter  is  deliberately  wasted,  and  one  of 
the  chief  features  of  the  biological  (“digestive”)  processes  is  to 
destroy  the  fat  as  completely  as  possible  by  making  it  serve  as  a 
food-stuff  to  the  bacteria  which  digest  the  fatty  matter  contained  in 
raw  sewage.1 

During  the  last  decade,  however,  experiments  have  been  made,  on 
a large  scale,  with  a view  to  recovering  the  fatty  matter  contained  in 
the  sewage.  Most  of  the  recovery  processes  are  designed  on  the 
lines  of  the  methods  practised  in  the  wool,  cotton,  and  silk  industries 
(see  pp.  369,  364),  and  especially  in  the  recovery  of  wool  grease  from 
wool  scourers’  suds. 

The  first  step  was  naturally  directed  to  the  economical  treatment 
of  the  fatty  matter  which  separates  as  “ scum  ” or  “ sludge  ” on  the 
top  of  the  sewage  water.  A large  number  of  devices  (strainers, 
scum  troughs,  baffle  plate  apparatus)  are  patented,  all  having  for 
their  object  the  effective  separation  of  the  scum  from  the  bulk  of 
the  water.2  A number  of  inventors  attempted  the  extraction  of  this 
scum  (and  even  of  raw  sewage3)  with  solvents.  Processes  of  this 
kind  were,  however,  bound  to  lead  to  failure,  as  the  fatty  matter, 
which  was  present  to  a great  extent  in  the  form  of  soap,  gave  in- 
tractable emulsions.  Such  a process4  was  tried  by  the  Bradford 
Corporation  on  a large  scale,  but  has  been  abandoned. 

In  order  to  overcome  the  difficulty  caused  by  the  formation  of 
soap  emulsions  Heimann 5 treats  sewage  sludge  in  the  wet  state 
simultaneously  with  sulphuric  acid  and  benzine.  Laboratory  experi- 
ments made  by  Bechhold  and  Foss6  on  a semi-large  scale  showed  that 
the  total  amount  of  fat  contained  in  sewage  can  be  recovered  by 
Heimann’ s method,  but  experiments  on  a large  scale  have  not  yet  been 
made  to  demonstrate  that  this  is  a workable  process. 

1 Cp.  Lacombe,  Rev.  d' Hygiene,  1906,  817. 

2 W.  Wunsch,  German  patent  123,536  ; J.  Ashdown,  English  patent  9115,  1899  ; 

Kremer,  English  patent  14,603,  1901  ; German  patent  126,672,  1901  ; English  patents 
23,670,  1905;  24,030,  1905  ; Verwertung  Stiidtischer  Abfalle  G.m.b. H.,  German  patents 
149,551,  153,330,  153,331,  157,372  ; Gesellschaft  f.  Abwasserklarung,  m.b.H.,  German 
patents  126,672,  1901;  168,305,  1905;  172,959,  175,218,  1905;  E.  Merten,  German 
patent  155,561  ; Crosfield  and  K.  E.  Markel,  English  patent  5108,  1905  ; It.  Schilling, 
English  patent  14,461,  1903  ; Otte,  German  patent  192,988  ; A.  E.  Anderson,  German 
patent  200,570  (see  Appendix).  3 Cp.  Vial,  German  patent  141,203. 

4 Cp.  Vol.  II.  p.  338,  footnote  2.  5 German  patent  145,389,  1902. 

6 Zeit.f.  angew.  Chem.  1908,  1317.  Cp.  Tillmanns,  ibid.  1908,  2371. 
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Other  inventors  direct  their  attention  to  the  obtainment  of  the 
fatty  matter  in  a solid  form.  With  this  object  in  view,  both  precipi- 
tation by  lime  and  separation  by  means  of  acid  have  been  recommended, 
and  (to  some  extent)  tried  on  a large  scale.1  The  recovery  of  the  fatty 
matter  from  sludge  precipitated  with  lime 2 is  (in  the  author’s 
opinion,3  based  on  practical  experience)  not  likely  to  lead  to  adoption. 
An  “acid  process,”  patented  by  Maschinenbau-Aktien-Gesellschaft,  vorm. 
Beck  and  Henkel ,4  was  worked  on  a large  scale  in  the  township  of 
Cassel  (Germany).  In  this  process  the  sewage  water  was  treated 
with  a mineral  acid  in  a manner  similar  to  that  employed  in  the 
recovery  of  wool  grease  (p.  371).  The  separated  sludge  containing 
free  fatty  acids,  etc.,  was  pressed,  dehydrated,  and  extracted  with 
solvents.  A specimen  of  the  extracted  fat  had,  according  to  the 
patentees,  the  following  composition  : — 

Free  fatty  acids  . . . .70*8  per  cent. 

Neutral  fat  ...  17  ‘6  ,, 

Unsaponifiable  matter  . . .11*6  „ 

This  process  also  has  been  abandoned. 

In  a more  recent  process  by  Peter  Spence  and  Sons,5  the  raw 
sewage  is  treated  with  aluminoferric  cake,  and  the  precipitate  is 
made  to  “ curdle,”  so  that  it  can  be  easily  pressed  to  a sludge-cake 
containing  about  40  to  50  per  cent  of  water.  This  sludge- cake 
is  treated  with  sulphuric  acid,  and,  after  suitable  treatment  of  the 
mass,  the  fat  is  extracted  with  solvents.  The  crude  sewage  fat 
obtained  by  this  process  is  converted  into  “ oleine  ” and  “ stearine  ” 
by  distillation  and  subsequent  expression. 

A process  aiming  at  the  direct  distillation  of  sewage  sludge  by 
driving  off  the  water  at  a low  temperature,  and  then  distilling  off 
the  fatty  matter  by  superheated  steam,  was  patented  by  J.  Garfield .6 
It  is  obvious  that  a process  of  this  kind  cannot  lead  to  satisfactory 
results.  The  idea  underlying  this  method  has,  however,  been  worked 
out  by  Grossmann 7 to  a process,8  the  essential  features  of  which  are 
the  following : — The  fatty  matter  is  first  separated  by  mineral  acid, 
and  the  mass  so  obtained  is  filter-pressed,  whereby  the  amount  of 
water  is  reduced  to  30  to  40  per  cent.  The  sludge  thus  obtained  is 
fed  into  a number  of  D-shaped  retorts,  where  the  water  is  driven  off 
and  the  fatty  matter  is  distilled  over  by  superheated  steam.  Large 
quantities  of  butyric  acid  and  other  organic  acids  are  obtained 
simultaneously. 

1 For  a process  aiming  at  the  saponification  of  the  sewage  fat  by  means  of  alkalis  cp. 
German  patent  159,170  (F.  Kaeppel). 

2 Cp.  French  patent  382,555  ; United  States  patents  889,339,  889,340  (F.  and  C. 
Shuman). 

3 Cp.  also  Lewkowitsch,  Journ.  Soc.  Chem.  Ind.  1903,  70. 

4 German  patent  135,313. 

5 English  patents  12,124,  1900  ; 8248,  1903  ; 23,640,  28,646,  1904  ; 8347,  1905. 

6 English  patent  25,876,  1902. 

7 Journ.  Soc.  Chem.  Ind.  1905,  655. 

8 English  patent  29,558,  1904  (The  Mayor  and  Aldermen  and  Citizens  of  Bradford, 
J.  Garfield,  and  J.  Grossmann). 
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The  composition  of  “ sewage  fats  " must  vary  with  the  localities 
whence  they  originate.  Owing  to  the  exceedingly  favourable  condition 
for  the  micro-organisms 1 thriving  in  raw  sewage,  the  bulk  of  the 
neutral  fat  discharged  into  the  sewage  is  hydrolysed ; therefore 
“ sewage  fats  ” are  characterised  by  large  proportions  of  free  fatty 
acids.  The  amount  of  unsaponifiable  matter  is  also  considerable. 
The  nature  of  the  unsaponifiable  matter  has  not  yet  been  investigated. 
Probably  it  consists  to  a large  extent  of  coprosterol,  which  forms  an 
important  constituent  of  excrementitious  matter. 

Experiments  made  recently  by  Konig  and  Schluckebier 2 show  that 
the  fat  in  excrements  obtained  from  animals  fed  with  peas,  milk, 
potatoes,  maize,  cocoa  nut  cake  and  milk,  cocoa  nut  and  sesame  cake, 
and  meat  powder,  contained  in  the  same  order  the  following  amounts 
of  unsaponifiable  matter:  25  per  cent,  25-8  per  cent,  30 '5  per  cent, 
6T6  per  cent,  10'44  per  cent,  15*5  per  cent,  and  20*36  per  cent.  In 
all  cases  the  bulk  of  the  unsaponifiable  matter  consisted  of  copro- 
sterol, with  smaller  quantities  of  phytosterol  or  (and)  cholesterol, 
according  as  to  whether  the  food  was  of  vegetable  or  animal  origin 
(or  was  composed  of  both  animal  and  vegetable  matter). 

Judging  from  the  composition  of  sewage  fats  it  is  evident  that 
at  present  the  products  cannot  pay  the  expenses  of  the  process, 
unless,  indeed,  the  recovery  of  the  fat  form  an  integral  part  of  the 
sewage  disposal  process.  Some  exaggerated  statements  regarding 
the  value  of  some  of  the  above-described  recovery  processes  must  be 
accepted  with  the  greatest  reserve.  The  author  is  of  the  opinion 
that  under  present  conditions  the  recovery  of  the  fat  merely  for  the 
sake  of  this  product  alone  cannot  be  a profitable  process.  The 
efforts  of  inventors  should  therefore  aim  at  dovetailing  a fat-recovery 
process  into  the  system  of  the  obligatory  sewage  purification.  If 
the  problem  be  considered  in  that  light,  there  is  a prospect  of 
arriving  at  a satisfactory  method  of  fat  recovery  in  a practically 
complete  and  relatively  economical  manner. 


2.  Waste  Waxes 

Wool  Fat,  Wool  Grease,  “Kecovered  Grease,”  “Brown 

Grease  ” 3 

French — Suintine.  German — Wollfett , Wollschweissfett. 

Italian — Grasso  di  lana  greggio. 

The  occurrence  of  wool  fat,  the  proportions  contained  in  natural 
wools,  and  some  other  technical  notes  have  been  given  in  Yol.  II. 
p.  7 44.  In  this  section  the  practical  aspect  of  the  problem  of  working 

1 E.  de  Kruyff  proposes  for  these  micro-organisms  the  term  “ lipobacteria  ” (Bull. 
Dep.  Agr.  aux  Ind.  neerl.  1907,  9). 

2 Zeit.  f.  Unters.  d.  Nahrg.  u.  Genussm.  1908,  xv.  653  ; cp.  also  J'.  H.  Long, 
Journ.  Amer.  Chem.  Soc.  1907  (29),  1214  ; R.  Inaba,  Biochem.  Zeit.  1908,  355. 

3 In  the  United  States  this  grease  is  known  as  “ degras  ” ; “ English  degras  ” ; 
" German  degras.” 
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up  wool-scourers’  suds  on  a large  scale  will  be  considered  somewhat 
more  fully,  although  a complete  enumeration  of  the  not  inconsider- 
able number  of  patents  which  have  been  taken  out  during  the  last 
fifty  years  must  fall  outside  the  scope  of  this  work.1 

The  older  method,  which  was  especially  in  vogue  on  the  Con- 
tinent, was  to  run  the  waste  suds  into  large  cisterns  and  to  treat 
them  with  lime,  when  a heavy  precipitate,  consisting  of  neutral 
esters,  lime  salts  of  fatty  acids,  carbonate  of  lime,  and  caustic  lime  was 
obtained.  This  precipitate,  known  as  “ suinter,”  was  dug  out  (or 
passed  in  a state  of  suspension  through  filter-presses  in  order  to 
remove  the  bulk  of  the  water)  and  dried  by  exposure  to  the  air. 
The  “ suinter  ” was  then  subjected  to  dry  distillation  in  iron  retorts 
for  the  production  of  an  illuminating  gas  (“  Fettgas  ”).  As  the 
excess  of  lime  proved  very  troublesome,  an  improvement  was  intro- 
duced by  precipitating  the  wash -waters  with  calcium  chloride  or 
magnesium  chloride. 

This  treatment  aimed,  however,  more  at  a purification  of  the 
suds — before  they  were  allowed  to  run  into  the  river  courses — 
than  at  a recovery  of  the  wool  grease. 

After  the  valuable  properties  of  wool  wax  had  been  re-discovered 
( 0 . Braun , 0.  Liebreich),  endeavours  were  made  to  extract  the 
“suinter”  (or  even  the  raw  wash-waters) 2 with  solvents.3  But  the 
troublesome  emulsions  which  were  formed,  and  the  costliness  of  the 
processes,4  led  to  the  abandoning  of  these  attempts.  At  present 
precipitation  with  lime  has  been  superseded  by  the  treatment  with 
mineral  acid,  much  as  the  precipitation  with  lime  in  the  recovery  of 
fuller’s  grease  has  been  substituted  by  the  treatment  with  mineral 
acid  (p.  364). 

Much  more  satisfactory  results  were  obtained  by  treating  the 
wool -scourers’  waters  with  calcium,  magnesium,  or  iron  salts,  etc., 
when  the  precipitated  salts  of  fatty  acids  carried  down  with  them  the 
neutral  portions  of  the  wool  fat.  The  precipitate  was  then  extracted 
with  acetone,5  in  which  the  neutral  portions  only  were  stated  to  be 
soluble.  But  not  only  did  part  of  the  soaps  dissolve  in  acetone,  but 
there  were  obtained  simultaneously  troublesome  emulsions,  which 
rendered  these  processes  also  unworkable  5 on  a large  scale. 

More  success  attended  a mechanical  process  which  was  practised 
for  some  time  on  a manufacturing  scale.  It  consisted  in  passing  the 
suds  through  a centrifugal  machine,  when  a turbid  soap  solution 
ran  off,  whereas  the  wool  wax  remained  behind.  The  soapy  solution 
was  then  treated  (“  cracked”)  with  mineral  acid  to  recover  its  fatty 
acids,  or  was  evaporated  down  and  calcined  for  the  recovery  of  the 

1 Cp.  Langbeck,  Journ.  Soc.  Chein.  Ind.  1890,  356.  J.  M.  Baudot,  Austrian  patent 
Applic.,  A.  3126  (1906) ; E.  Dowie,  United  States  patent  892,370  (1908). 

2 Cp.  French  patent  368,654. 

3 Cp.  German  patent  42,172  (A.  v.  Rad).  4 Cp.  German  patent  38,444. 

5 H.  Breda  recommends  to  replace  acetone  by  the  higher  boiling  ketones  (boiling 
point  67°  to  167°  C.).  Cp.  English  patents  8588,  1903  ; 17,656,  1906  ; German  patents 

181,400,  181,401  ; cp.  also  Chatelan  and  Spiesz’s  German  patent  194,871,  which  claims 
the  admixture  of  inert  substances  to  the  lime  salts  before  extracting  them  with  solvents. 
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potash  in  the  waters.  The  crude  wool  wax  in  its  turn  was  purified  by 
pressing  in  a hydraulic  press  or  by  boiling  up  with  water,  allowing 
to  settle  out,  and  then  kneading  repeatedly  with  water  until  a fairly 
pure  product  was  obtained.  The  resulting  wool  wax  was  dark 
yellow,  and  as  all  attempts  to  bleach  it  led  to  unsatisfactory  results, 
it  was  intermixed  with  about  20-25  per  cent  of  water,  in  order  to 
obtain  a lighter  coloured  product.  This  was  brought  into  commerce 
under  the  name  “ lanolin.”  The  anhydrous  product  is  obtainable  in 
commerce  as  adepts  lance. 

As  all  the  processes  mentioned  above  proved  too  costly,  the 
method  practised  in  Yorkshire  woollen  mills  for  the  production  of 
“ Yorkshire  grease  ” was  generally  adopted  as  the  starting  point. 

The  soap  suds  are  collected  in  large  tanks,  where  dirt,  etc.,  is 
allowed  to  subside,  and  are  run  or  pumped  into  cisterns  to  be  acidified 
(“cracked”)  with  mineral  acid,  when  the  wool  grease,  together  with 
the  fatty  acids  from  the  soap  used  in  scouring,  rise  to  the  top.  The 
fatty  matter  (“  magma  ”)  is  collected  by  skimming  off,  allowed  to 
drain  on  coke  beds  or  other  suitable  filters,  whereby  the  bulk  of 
water  is  removed,  and  then  expressed  in  a hydraulic  press  in  the 
hot,  so  as  to  eliminate  the  fibres,  dirt,  etc.,  that  are  occluded  by  the 
fattymatter.  The  press  cakes  (“sud cakes”)  still  retain  15  to20  per  cent 
of  grease,  the  extraction  of  which  is  sometimes  remunerative.  On 
account  of  its  proportion  of  nitrogen  (2  to  3 per  cent)  the  cake  (“  sud 
cake  ”)  is  sold  for  manurial  purposes.  The  acid  liquors  are  run 
away ; they  still  contain  a notable  amount  of  grease  in  suspension. 

In  some  localities  the  liquors  must  be  neutralised  (with  lime) 
previous  to  their  being  discharged  into  the  water  courses. 

The  composition  of  a grease  of  this  kind  (free  from  glycerides 
and  mineral  oil,  and  freed  from  ash)  was  ascertained  by  the  author, 
.and  found  to  be  as  follows1: — 


Volatile  acids 
Insoluble  free  fatty  acids 
Combined  fatty  acids 
Alcohols 


1 *28  per  cent. 
20-22  „ 
48-47 
36-47 


The  occurrence  of  volatile  acids  appears  to  be  due  to  secondary 
reactions.  ( A . and  P.  Buisine  2 point  to  fermented  wool-scourers’  suds 
as  a rich  source  of  volatile  fatty  acids,  from  acetic  acid  up  to  caproic 
.acid.) 

Tha  free  fatty  acids  consist  chiefly  of  acids  occurring  naturally  in 
wool  grease ; 3 the  remainder  is  derived  from  the  fatty  acids  liberated 
by  the  decomposition  of  the  waste  soaps  by  the  mineral  acid. 

The  combined  fatty  acids  form  with  the  bulk  of  the  alcohols  neutral 
•esters  (wax).  In  the  example  given  (Vol.  I.  Chap.  XI.)  the  propor- 
tion of  neutral  esters  amounted  to  72*31  per  cent.  The  alcohols  are 
partly  present  as  esters  ( i.e . combined  with  fatty  acids  to  form  72*31 

1  Lewkowitsch,  Journ.  Soc.  Chem.  Ind.  1892,  134. 

2  Compt.  rend.  (1897),  125,  777. 

3  Schulze,  Berichte,  1872,  1076  ; 1873,  251  ; 1874,  571. 
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per  cent  of  wax)  and  partly  as  free  alcohols.  In  the  given  example 
their  amount  was  6 '21  per  cent.  The  methods  adopted  in  the 
analysis  of  this  grease  have  been  described  Vol.  I.  Chap.  XI. 

The  crude  wool  fat  used  to  be  treated  with  an  alkaline  solution 
(ammonia,  soda  solutions,  etc.)  when  an  emulsion  of  soap  and  wool 
wax  was  obtained.  For  their  separation  the  emulsified  mass  was 
either  treated  with  methyl-  or  ethyl-alcohol  to  remove  the  soaps, 
whilst  leaving  the  neutral  wax,  which  is  insoluble  in  these  solvents, 
behind ; or  the  mixed  soap  and  wool  wax  were  exhausted  with  ethyl 
acetate,  in  which  the  wool  wax  only  is  soluble.  In  the  former  case 
the  raw  wool  wax  was  obtained  in  substance,  whereas  in  the  latter 
process  the  wool  wax  was  recovered  by  distilling  off  the  acetic  ester. 

The  crude  wool  wax  and  the  soap  solutions  were  then  further 
worked  up  as  described  above. 

In  the  process  of  recovery  outlined  above  a considerable  amount 
of  fatty  matter  is  lost.  Hence  many  patentees  endeavoured  to 
extract  raw  wool  with  volatile  solvents.  The  enumeration  of  these 
processes  falls  outside  the  scope  of  this  work,  as  they  have  all  been 
abandoned  (at  any  rate  in  this  country),  not  only  on  account  of  the 
great  fire  risk,  but  also,  and  perhaps  chiefly,  because  the  wool  fibre 
is  damaged  by  the  extracting  process.  (This  is  no  doubt  due  to  the 
fact  that  the  solvent  removes  too  much  of  the  natural  grease,  and 
produces  a harsh,  brittle  fibre  which  causes  too  great  a waste  in 
spinning.)  Two  processes  which  were  tried  on  a large  scale  may, 
however,  be  mentioned  specifically.  The  carbon  bisulphide  process, 
which  was  worked  for  some  time  in  this  country  in  plant  designed 
by  Singer  and  Judell,1  was  found  especially  unsuitable,  as  a portion 
of  the  sulphur  which  commercial  carbon  bisulphide  contains  was 
taken  up  by  the  wool  fibre,  imparting  to  it  a yellow  colour.  A pro- 
cess for  extracting  wool  with  petroleum  ether  ( G . and  A.  Burnell), 
entailing  less  complicated  plant,  was  also  tried  on  a large  scale,  but  was 
not  found  suitable.  At  present  endeavours  are  being  made  to  intro- 
duce processes  for  extraction  with  carbon  tetrachloride ,2  but  as  far  as  the 
author  is  aware  these  have  not  been  carried  out  hitherto  on  a large  scale. 

A process  for  the  recovery  of  wool  grease  without  the  use  of 
mineral  acids  or  solvents  was  patented  by  John  Smith  and  Son,  and 
Leach.3  Their  method  combines  the  advantageous  features  of  some 
of  the  foregoing  processes,  and  would  seem  to  commend  itself  from  a 
purely  sanitary  point  of  view  from  the  fact  that  no  effluents  which 
pollute  the  river  courses  are  obtained.  The  wool -washing  liquors 
are  concentrated  in  multiple  vacuum  apparatus 4 (which  were  first 
used  for  this  purpose  by  Langbeck ) until  a concentrated  lye  of  the 
specific  gravity  1’23  is  obtained.  This  liquor  has  a viscous  con- 
sistence, and  solidifies  when  cold.  It  is  run,  whilst  still  warm, 

1 Journ.  Soc.  Chem.  Ind.  1889,  24. 

2 Cp.  Bernard,  English  patent  28,364,  1907  ; F.  and  C.  Shuman,  United  States 
patents  889,339,  899,440. 

3 English  patent  15,131,  1898  ; German  patent  113,894. 

4 Cp.  Lewkowitsch,  “ Evaporation  in  vacuo  of  Solutions  containing  Solids,”  Journ. 
Soc.  Chem.  Ind.  1905,  1149. 
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through  a centrifugal  machine,  when  the  soap  liquor  (containing 
the  potash  salts  originally  occurring  in  the  wool,  as  also  the  soaps 
used  in  scouring  the  wool)  runs  off.  The  liquor  is  further  con- 
centrated, and  finally  calcined  in  a revolving  furnace.  Thus  the 
potassium  originally  contained  in  the  wool,  together  with  the  alkali 
introduced  in  the  form  of  soap  in  scouring  the  wool,  is  recovered  as 
carbonate.  It  will  thus  be  seen  that  in  this  process  the  free  fatty 
acids  of  the  wool  grease,  as  also  the  fatty  acids  introduced  as  soap  in 
the  scouring  of  the  wool,  are  lost.  The  wool  grease  is  worked  up,  in 
the  manner  described  above,  into  “ lanolin,”  or  sold  as  “ adeps  lanse.” 

For  a process,  suggested  by  Spiesz  and  Chatelan,  to  treat  wool- 
scourers’  wash-waters  without  using  a vacuum,  the  reader  must  be 
referred  to  the  original  paper,1  as  the  process  appears  to  have  been 
worked  hitherto  only  on  an  experimental  scale.  It  need  therefore 
only  be  pointed  out  that  the  patentees  mix  the  wash-waters  with 
toluene,  and  heat  the  mixture  when,  at  a temperature  of  80°-82°  C., 
toluene  and  water  pass  over.  The  vapours  are  condensed  fractionally, 
so  that  the  water  and  toluene  are  obtained  separately.  The  toluene 
is  then  used  again,  and  thus  serves  to  evaporate  off  an  indefinite 
quantity  of  water. 

With  regard  to  processes  aiming  at  the  saponification  of  wool 
wax  cp.  p.  335. 

Crude  wool  grease  is  used  as  a lubricant,  with  or  without  ad- 
mixture of  mineral  oils  (see  “Wool  Oils,”  p.  77),  further  as  a 
degras  substitute  (see  p.  353),  and  as  a stuffing-grease  (see  p.  361), 
especially  in  the  United  States  of  America.  It  is  unsuitable  for  the 
manufacture  of  soap. 

The  commercial  products  obtained  from  wool  grease  in  the  manner 
indicated  above  are  wool  wax  and  wool  fat  fatty  acids. 

The  bulk  of  wool  grease  is,  however,  distilled,  whereby  distilled 
grease  is  obtained. 


Wool  Wax 

Neutral  wool  wax  prepared  by  any  of  the  methods  described 
above  is  used  both  in  its  hydrous  (“lanolin”)  and  in  its  anhydrous 
state  (“  adeps  lanae”)  as  a basis  for  ointments,2  salves,  and  cosmetics 
(cp.  Vol.  II.  p.  750).  Smaller  quantities  are  employed  as  “super- 
fatting”  agents  in  the  preparation  of  toilet  soap  (cp.  this  Vol.  p.  276). 
The  chemical  examination  of  these  products  embraces  the  determina- 
tion of  water,  ash,  and  free  acids,  as  also  the  detection  of  foreign 
substances.  The  readiest  means  of  detecting  the  latter  is  supplied 
by  determining  the  chemical  and  physical  characteristics  of  the 
sample,  whereby  the  direction  which  further  examination  should  take 
will  be  indicated.  Presence  of  glycerol  would  point  to  admixture 
with  glycerides.  A detailed  examination  of  the  unsaponifiable  matter 

1 Zeit.f.  chem.  Apparatenkuncle , 1908,  1.  Cp.  German  patent  163,444  (Stohr  and  Co.). 

2 Cp.  P.  G.  Unna,  Monatshefte  f.prakt.  Dermatologie , 1907. 
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would  reveal  the  presence  of  paraffin  wax  or  other  hydrocarbons.  (It 
should  be  remembered  that  wool  wax  must  be  saponified  with  alco- 
holic potash  under  pressure,  or  with  sodium  alcoholate.) 

A somewhat  detailed  examination  of  a wool  wax  carried  out  by 
the  author1  is  given  in  Yol  I.  Chap.  XI. 

The  efforts  of  several  inventors  ( Jaffe  and  Darmstadter , Ekenberg 
and  Monttri)  were  directed  to  the  separation  of  wool  wax  into  several 
fractions.  Thus  Ekenberg  and  Monten 2 prepared  by  centrifuging  or 
expressing  wool  wax  at  a temperature  of  30°-35°  C.,  three  fractions 
described  as  “ Cholain,”  “ Cholepalmin,”  and  “ Cholecerin.”  The 
melting  points  of  these  fractions  are  as  follows  : — 


Melting  Point. 
°C. 

Cliolain 

25-29 

Cholepalmin  . 

37-38 

Cholecerin 

49-55 

Lifschiltz 3 found  by  treating  (wool  fat,  or,  preferably)  wool  wax 
with  bone  char  in  petroleum  ether  solution  that  the  wool  wax  can  be 
resolved  into  two  portions,  one  of  which  is  retained  by  the  bone  char, 
whereas  the  other  remains  dissolved  in  the  petroleum  ether  solution. 
The  residual  waxy  matter  obtained  after  distilling  off  the  solvent 
differs  from  the  original  wool  wax  in  that  it  has  practically  lost  its 
power  of  emulsifying  water.  The  waxy  portion  retained  by  the  char 
can  be  extracted  by  means  of  alcohol,  chloroform,  carbon  tetra- 
chloride, ether,  acetone,  carbon  bisulphide,  or  even  by  petroleum  ether 
containing  5-10  per  cent  of  alcohol,4  or  by  means  of  solutions  of  oils 
and  fats  (olive  oil,  lard  oil5).  This  constituent  of  wool  wax  exhibits 
a much  higher  water-emulsifying  power  than  does  the  original  (wool 
fat  or)  wool  wax.  (The  process  of  resolving  into  two  different  con- 
stituents can  also  be  carried  out  with  wool  fat  fatty  acids  or  with 
products  containing  wool  fat.6)  The  portion  retained  by  the  char 
is  brought  into  commerce  under  the  name  of  “ lanogene.” 7 The 
admixture  of  1 part  of  this  to  99  parts  of  vaseline 8 is  stated  to 
cause  the  mixture  to  absorb  200  parts  of  water,  and  an  admixture  of 
2 or  3 parts  increases  the  power  of  absorbing  water  to  300  parts. 
“ Lanogene  ” is  said  to  be  suitable  as  a basis  for  ointments,  salves,  and 
emulsions  prepared  with  the  aid  of  mineral  waxes,  and  emulsions  of 
oiis  and  fats  with  water.9 

Wool  Fat  Fatty  Acids 

As  a by-product  in  the  manufacture  of  “ lanolin  ” or  “ adeps 
lame  ” soap  solutions  are  obtained  which  contain  the  fatty  acids 

1 See  Lewkowitscli,  Journ.  Soc.  Cliem.  Ind.  1896,  14. 

2 German  patent  81,552.  3 German  patent  163,254. 

4 German  patent  178,804.  5 German  patent  185,987. 

6 German  patents  171,178,  185,987,  190,959.  7 German  patent  167,849. 

8 Such  and  similar  mixtures  are  brought  into  commerce  under  various  fancy  names 
(“  Eu vaseline,”  “Eucerin,”  etc.). 

9 Cp.  S.  Knopf,  English  patent  17,523,  1907  ; \Y.  Loebell,  German  patent  169,491. 
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originally  occurring  in  the  wool  fat,  as  also  the  fatty  acids  introduced 
as  soap  in  the  scouring  of  the  wool.  In  some  of  the  processes  men- 
tioned above  the  soapy  liquors  are  only  worked  up  for  the  recovery 
of  potash,  it  being  considered  unremunerative  to  recover  the  fatty 
acids  (the  latter  serving  in  the  calcining  process  merely  to  facilitate 
the  destruction  of  the  organic  substances). 

In  some  works  the  fatty  acids  are  recovered  from  the  soapy 
liquors  by  treatment  with  mineral  acid  (“cracking”). 

A sample  of  fatty  acids  so  obtained  was  examined  by  the  author 
with  the  following  result : — 


Acid  value  . 

Saponification  value 

Unsaponifiable  + unsaponified  matter  . 

Unsaponifiable 


184-5 

203-4 

3 ’54  per  cent. 
1-23 


These  fatty  acids  are  made  into  soap  or  into  lubricating  grease 
(see  Chap.  XV.  “ Solidified  Oils  ” 4),  or  (as  a substitute  for  boiled  oil) 
into  paints.1 2  For  the  latter  purpose  the  free  fatty  acids  are  converted 
into  magnesia  soaps,  which  are  dissolved  in  crude  wool  wax  and 
mixed  with  a rosin  soap,  such  as  zinc  rosinate. 

The  mixture  of  magnesium  salt  and  wool  wax  may,  of  course,  be 
prepared  by  precipitating  wool  wash-water  with  a magnesium  salt 
(with  the  addition  of  a little  lime). 

The  magnesium  salts  of  wool  fat  fatty  acids  are  soluble  in  tar 

oils. 


Distilled  Grease 

When  “recovered  grease”  is  subjected  to  distillation  3 4 with  super- 
heated steam,  a light  oil,  consisting  of  hydrocarbons,  is  obtained  first ; 
then  follow  heavier  fractions,  which  separate  on  cooling  into  a liquid  and 
a solid  portion.  The  higher  distillates  are  treated  much  in  the  same 
way  as  are  distilled  fatty  acids  in  candle-works,  so  that  the  following 
products  are  finally  obtained  : “ oleine,”  chiefly  used  as  wool  oil,  and 
“ stearine,”  employed  as  a “ sizing  tallow  ” or  “ stuffing-grease,”  and 
as  inferior  material  in  the  candle  and  soap  industries. 

The  changes  the  “ recovered  grease  ” undergoes  in  the  distillation  4 
consist  in  the  hydrolysis  of  the  neutral  esters,  whilst  concurrently 
another  portion  of  the  compound  esters  is  broken  up  into  fatty  acids 
and  hydrocarbons,  the  latter  being  formed  in  consequence  of  the  fatty 
acids  assimilating  all  the  available  oxygen  in  the  molecule.  This  is 
illustrated  by  the  following  equation  : — 

C15H31CO . O . C16H33  = C15H31CO . OH  + C16H32. 

Cetyl  palmitate.  Palmitic  acid.  Cetene. 


1 Cp.  also  Donath,  Chem.  Zeit.  1899,  62  ; Rosengren,  ibid.  1899,  382. 

2 German  patent  166,563  ; English  patent  6502,  1902. 

3 Cp.  United  States  patent  896,093  (C.  Ellis). 

4 Lewkowitsch,  Journ.  Soc.  Chem.  Ind.  1892,  142. 
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A portion  of  the  neutral  esters  is  carried  over  undecomposed  by  the 
current  of  steam,  and  is  found  as  such  in  the  “ distilled  grease.” 

The  free  alcohols  in  the  “ recovered  grease  ” partly  distil  over  as 
such,  whilst  another  portion  is  broken  up  into  hydrocarbons  with  loss 
of  water.  Cholesterol,  when  subjected  to  distillation,  is  known  to 
yield  hydrocarbons  (cp.  Yol.  I.  Chap.  III.). 

Part  of  the  fatty  acids  distil  over  undecomposed,  whilst  another 
portion,  in  their  turn,  are  converted  into  hydrocarbons ; this  holds 
especially  good  of  those  fatty  acids  which  easily  undergo  dehydration. 

The  examination  of  “ distilled  grease  ” embraces  the  determina- 
tion of  free  fatty  acids , neutral  esters  (waxes),  and  unsaponifiable  substances. 
The  latter  consist  chiefly  of  hydrocarbons,  which  have  been  looked 
upon  frequently  as  mineral  oil  (cp.  “Wool  Oils”).  The  nature  of 
these  hydrocarbons  is  but  very  imperfectly  known ; being  derivatives 
of  cholesterol,  they  exhibit  optical  activity. 

This  has  been  first  shown  by  LewJcowitsch,  who  observed  the  optical 
activity  of  the  distilled  grease  hydrocarbons  in  1894  and  then  again 
in  1897,  when  the  first  and  second  editions  of  the  present  work  were 
prepared.1  Later  on  the  optical  activity  was  recorded  by  Gill  and 
Mason 2 (whose  numbers  are  given  in  the  following  table)  and  after- 
wards (see  below)  by  Marcusson .3  [The  latter  put  forward  the  con- 

jecture4 that  the  optical  activity  of  natural  petroleums  is  due  to 
hydrocarbons  generated  from  the  cholesterol  contained  in  animal 
oils  and  fats  which  underwent  conversion  into  petroleum  (see  Vol.  I. 
Chap.  I.).  This  conjecture  has  been  amplified  by  Engler  (see  Vol.  I. 
Chap.  I.).  For  a discussion  of  this  conjecture  and  its  bearing  on  the 
theory  of  the  origin  of  petroleum,  which  falls  outside  the  scope  of 
this  work,  compare  the  papers  given  in  the  footnote.5  It  may  he 
added  that  Molinari  and  Fenaroli 6 arrived  at  the  conclusion  that  the 
optically  active  substances  in  petroleum  do  not  yield  an  ozonide,  and 
hence  do  not  consist  of  cholesterol ; since  the  same  authors  showed 
that  phytosterol  yields  an  insoluble  ozonide,  their  conclusion  may  be 
amplified  by  stating  that  the  optical  activity  of  petroleums  cannot  be 
ascribed  to  the  presence  of  phytosterol.] 

In  an  examination  of  a distilled  grease  oleine  the  mass  was  boiled 
out  repeatedly  with  alcohol.  The  insoluble  portion  was  judged  upon 
to  consist  of  hydrocarbons,  inasmuch  as  it  was  insoluble  in  acetic 
anhydride.  On  distilling  the  insoluble  portion  in  vacuo  three  fractions 
were  obtained.  They  all  had  the  smell  which  crude  paraffin  oils,  of 
the  same  boiling  point  possess.  Some  properties  of  these  products  are 
set  out  in  the  following  table  (. LewJcowitsch ) 7 : — 

1 Through  an  oversight  the  actual  polarimetric  readings  have  not  been  published, 
the  statement  merely  being  made  in  the  first  two  editions  that  these  hydrocarbons,  being 
cholesterol  derivatives,  will  exhibit  optical  activity.  Cp.  German  Edition,  1904,  vol.  ii. 
p.  732. 

2 Journ.  Amer.  Chem.  Soc.  1904,  665. 

Mitt.  Konigl.  Mater.  Priifungsanst.  1904.  4 Chem.  Rerue,  1905,  4. 

5 Engler,  Petroleum,  1907,  849  ; Lewkowitsch,  Jahrbuch  der  Chcmie,  xviii.  1908,  416  ; 
Engler,  Zeit.f.  angew.  Chemie , 1908,  1585.  6 Rerichte,  1908,  3704. 

7 Jour  a.  Soc.  Chem.  Ind.  1892  141. 
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Fraction. 

Appearance. 

Specific  Gravity 
at  80°  F.  com- 
pared with 
water  at  80°  F. 

Iodine 

Values. 

1st 

Clear,  bright  yellow  oil ; exhibiting  bloom  . 

0-8513 

71 

2nd 

Bright  oil,  partly  solidifying  on  cooling ; 
exhibiting  bloom. 

0'9162 

74 

3rd 

Darker  oil ; solidified  on  cooling  ; exhibiting 
bloom. 

0-9180 

61 

4th 

Residue 

71-7 

The  distilled  grease  hydrocarbons  give,  in  contradistinction  to 
hydrocarbons  derived  from  petroleum,  the  isocholesterol  reaction. 

In  view  of  the  fact  that  Engler  obtained  by  the  distillation  of 
cholesterol,  hydrocarbons  which  still  showed  a proportion  of  1*2  to 
2 per  cent  of  oxygen  (as  against  4 -3  per  cent  in  cholesterol),  some  doubt 
must  be  entertained  as  to  whether  the  above -described  substances 
consisted  entirely  of  hydrocarbons,  their  elementary  analysis  not 
having  been  carried  out. 

The  methods  applicable  in  the  exhaustive  examination  of  distilled 
grease  have  been  fully  described  Vol.  I.  Chap.  XI. 


The  commercial  analysis  of  distilled  grease  oleine  for  oiling  wool 
has  been  described  under  “ Wool  Oils,”  p.  77. 

The  following  table  gives  some  data  ascertained  by  Gill  and 
Mason : — 


Specific 

Gravity. 

Bromine 

Addition 

Value. 

Bromine 

Substitution 

Value. 

Optical 

Rotation.1 

1 Refractive 
Index 
at  20°  C. 

Wool  fat  oleine  (A)  . 

0-896 

28-8 

14-2 

17°  58' 

1-4976 

5,  „ (B)  . 

0-902 

25-1 

14-8 

17°  36' 

1-4991 

„ „ (C)  . 

0-896 

21-5 

16-8 

15°  13' 

1-4948 

Marcusson  examined  the  unsaponifiable  matter  from  French  and 
German  oleines,  after  having  removed  from  it  all  the  substances 
soluble  in  acetic  anhydride  (by  boiling  out  the  unsaponifiable  matter 
once  or  twice  with  that  menstruum). 

1 Oill  and  Mason  do  not  state  whether  the  rotation  was  to  the  right  or  to  the  left. 
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Portion  Insoluble  in  Acetic  Anhydride 


Specific 
Gravity 
at  15°  C. 

Viscosity 
(Engler)  . 
at  20°  C. 

Refractive  I 
Index. 

Specific  i 
Rotation 
at  18°-20°  C. 
in  (about) 

3 per  cent 
Benzene 
Solution,  1 

aD. 

1.  German  oleine, 

specific  gravity 
0-9060,  yielding 
55  per  cent  of 
total  unsaponifi- 
able matter 

contains 
paraffin 
wax  ( ! ) 

... 

1*497 

(at  18°  C.) 

+ 25*9 

2.  German  oleine, 

specific  gravity 
0*9065,  yielding 
53  per  cent  of 
total  unsaponifi- 
able matter 

contains 
paraffin 
wax  (!) 

0*9053 

15*6 

+ 23*4 

3.  French  oleine, 

specific  gravity 
0*9077,  yielding 
39  per  cent  of 
total  unsaponifi- 
able matter 

contains 
no  paraffin 
wax  (!) 

0*9117 

20*3 

+ 18*1 

4.  French  oleine, 

specific  gravity 
0*9036,  yielding 
42*8  per  cent  of 
total  unsaponifi- 
able matter 

contains 
no  paraffin 
wax 

1*497 

(at  27*5°  C.) 

+ 28*0 

5.  French  oleine, 

specific  gravity 
0*9035,  yielding 
41*3  per  cent  of 
total  unsaponifi- 
able matter 

1 

contains 
no  paraffin 
wax 

| 

1*497 

(at  27*5°  C.) 

+ 24*5 

By  distilling  22  grms.  of  the  unsaponifiable  portions  from  wool 
fat  oleine  at  O' 1-0' 2 mm.  pressure,  Marcusson1  2 3 recently  obtained  the 
following  result : — 


Fraction. 

Boiling  Point. 
°C. 

Grains. 

Rotation  3 in  3 per 
cent  Benzene 
Solution  at  about 
20°  C. 

«D. 

Iodine  Value 
(Wijs). 

I. 

150-190 

2*6 

+ 5*9 

75*4 

II. 

190-210 

1*6 

+ 12*3 

75*4 

III. 

210-230 

2*3 

+ 21*9 

80*8 

IV. 

230-250 

3*3 

+ 29*9 

86*3 

V. 

250-275 

3*7 

+ 37*4 

84*5 

VI. 

residue 

10*0 

+ 32*0 

95*3 

1 The  indications  in  the  heading  are  contradictory,  and  therefore  prove  no  more  than 

the  fact  that  dextrorotation  was  observed.  2 Chem.  Zeit.  1907,  419. 

3 It  is  uncertain  whether  “ specific  ” rotation  or  “ observed  ” rotation  is  meant.  It 
may  also  be  remarked  that  the  quantities  in  col.  III.  add  up  to  23*5  grams. 
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Fraudulent  admixture  of  petroleum  hydrocarbons  and  distilled 
grease  oleine  is  detected  by  a lower  optical  rotation  and  iodine 
value  than  exhibited  by  genuine  specimens.  % 

Distilled  grease  stearine  is  a hard,  whitish,  solid  substance, 
differing  in  its  appearance  from  commercial  stearic  acid  by  the 
absence  of  crystalline  structure.  This  stearine  is  easily  identified  by 
its  strong  isocholesterol  reaction  (Vol.  I.  Chap.  III.)  and  by  its  high 
iodine  value,  due  to  presence  of  isooleic  acid.  It  consists  chiefly  of 
free  fatty  acids,  as  the  bulk  of  the  liquid  hydrocarbons  has  been 
removed  by  pressing.  In  commercial  analysis  the  melting  and 
solidifying  points  of  the  stearine,  the  “saponifiable,”  and  the 
“ unsaponifiable  ” are  required. 

The  proportion  of  saponifiable  matter  is  ascertained  by  boiling 
an  accurately  weighed  quantity  with  standardised  alcoholic  potash,  as 
described  under  “ Saponification  Value,”  Yol.  I.  Chap.  VI.  Each  c.c. 
of  normal  alkali  required  is  taken  as  corresponding  to  0*284  grm.  of 
stearic  acid.  (The  small  quantity  of  neutral  esters,  if  any,  in  the 
stearine  is  thus  calculated  as  stearic  acid.)  The  unsaponifiable 
matter  is  determined  in  the  manner  described  Vol.  I.  Chap.  VI. ; it 
is  most  convenient  to  use  for  this  test  that  quantity  which  has 
served  for  the  determination  of  the  “ saponifiable.” 

The  following  table  gives  a few  analyses  of  “distilled  grease 
stearines.”  The  free  acid  is  calculated  to  stearic  acid : — 


Solidify- 
ing Point. 

Melting 

Point. 

Specific  Gravity. 

Water. 

Free 

Acid. 

Neutral 

Esters. 

Unsaponi- 

fiable. 

Iodine 

Value. 

Observer,  i 

°C. 

°C. 

At 

At 

Per 

Per 

Per 

Per 

[ Per 

15-5°  C. 

98°  C. 

cent. 

cent. 

cent. 

cent. 

cent. 

45 

48 

0*9193 

0*836 

0*6 

88*6 

2*11 

0*49 

Hurst 

53*5 

I 57  1 

0*9044 

I 

1*48 

76*3 

1 7*7 

0*4 

> > 

2*85 

72  13 

3*12 

41-5 

98*9 

337 

Lewko- 

...  j 

7*2 

witsch 

5 J 

The  residue  left  in  the  stills,  wool  fat  pitch  (goudron),  is  used  as 
a lubricant  for  hot  neck  rollers,  as  an  insulating  mass  for  cables,  and 
for  similar  purposes.1 

1 With  regard  to  the  examination  of  such  pitch  cp.  Donath  and  Margosches,  Chem. 
Revue,  1904  194. 
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Imports  of  Seeds  and  Oils  into  France  (in  Metric  Tons) 


1907. 

1908. 

Linseed  .... 

189,099 

181,661 

Rape  seed,  Indian 

60,536 

39,232 

,,  European  . 

Tsavettes  .... 

137 

226 

217 

12 

Cotton  seed 

38,548 

34,161 

Hedge  mustard  seed  . 

485 

228 

Sesame  .... 

68,502 

51,234 

Poppy  seed  . 

29,248 

21,279 

Copra ..... 

97,277 

152,104 

Arachis  nuts 

136,141 

154,114 

,,  decorticated 

117,404 

84,807 

Linseed  oil. 

893 

926 

Rape  oil 

19 

17 

Cotton  seed  oil  . 

34,059 

46,750 

Olive  oil 

21,356 

30,581 

Palm  oil 

16,087 

17,841 

Cocoa  nut  oil 

2,916 

3,517 

Arachis  oil  . 

825 

111 

Exports  of  Seeds  and  Oils  from  France  (in  Metric  Tons) 


1907. 

190S. 

Linseed  .... 

5,474 

4,742 

Rape  seed  .... 

3,537 

2,240 

Poppy  seed .... 

315 

41 

Sesame  seed 

1,031 

3,459 

Arachis  nuts 

8,955 

10,584 

, , decorticated 

7,040 

5,558 

Linseed  oil . 

4,144 

2,550 

Rape  oil 

2,361 

1,548 

Cotton  seed  oil  . 

2,061 

2,495 

Poppy  seed  oil  . 

298 

381 

Palm  oil 

291 

650 

Olive  oil 

9,878 

6,769 

Cocoa  nut  oil 

14,568 

22,724 

Sesame  oil  . 

11,895 

6,252 

Arachis  oil  . 

6,260 

6,457 

381 
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Imports  of  Seeds  and  Oils  into  Germany  {in  Metric  Hundredweights) 


1907. 

1 

1908. 

Rape  seed,  riibsen  seed  .... 

^ 1,567,370 

697,542 

Hedge  mustard  seed  .... 

50,646 

48,845 

Poppy  seed,  safflower  seed 

362,678 

227,612 

Madia,  kapok,  niger  seeds 

1,648 

635 

Sedge  nuts,  beechnuts,  laurel  berries 

4,696 

612 

Arachis  nuts  ...... 

250,500 

236,186 

Sesame  seed  ...... 

668,254 

729,691 

Linseed  ....... 

4,398,597 

4,684,218 

Hemp  seed  ...... 

95,113 

111,985 

Cotton  seed  ...... 

404,891 

525,281 

Illipe  nuts,  shea  nuts  .... 

733 

Palm  kernels  ...... 

1,684,068 

1,806,847 

Copra  ....... 

497,847 

836,688 

Castor  seeds  ...... 

32,749 

17,624 

Cocoa  nuts  ...... 

33,684 

42,545 

Rape  oil  . 

9,447 

14,981 

Linseed  oil  ..... 

27,945 

17,446 

Beechnut,  poppy,  niger,  sunflower  oils  . 

643 

469 

Arachis  oil  . . . . . 

7,355 

6,595 

Sesame  oil  . . . . . 

12,936  | 

11,714 

j Olive  oil  . 

48,575 

57,979 

1 Cotton  seed  oil 

527,707 

440,694 

Tung  oil  . 

20,397  | 

29,406 

Castor  oil  ...... 

56,775 

62,500 

Palm  oil 

130,075  | 

95,429 

Palm  kernel  oil  .... 

1,134 

618 

Cocoa  nut  oil 

35,864 

50,759 

Shea  butter  and  other  vegetable  fats 

6,656 

3,427 

Oil  cakes  and  seed  meals  .... 

7,137,764 

6,640,593 

Exports  of  Seeds  and  Oils  from  Germany  {in  Metric  Hundredweights) 


1907. 

1908. 

Rape  seed,  riibsen  seed  ...... 

81,942 

121,632 

Hedge  mustard  seed  ...... 

2,646 

243 

Poppy  seed,  safflower  seed 

978 

263 

Madia,  kapok,  niger  seeds 

28 

50 

Sedge  nuts,  beechnuts,  laurel  berries  . 

56 

48 

Arachis  nuts  ....... 

2,082 

214 

Sesame  seed  ........ 

34 

106 

Linseed  ........ 

59,313 

84,110 

Hemp  seed  ........ 

67,678 

68,923 

Cotton  seed  ........ 

57 

282 

Illipe  nuts,  shea  nuts  ...... 

342 

... 

Palm  kernels . 

19,763 

13,789 

Copra  ......... 

13,436 

10,743 

Castor  seeds  ...... 

3,168 

315  1 
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Exports  of  Seeds  and  Oils  from  Germany  {in  Metric  Hundredweights ) — 

continued 


1007. 

190S. 

Rape  oil 

Linseed  oil  ....... 

Beechnut,  poppy,  niger,  sunflower,  arachis,  and  1 
sesame  oils  ......  J 

Palm  kernel  oil  ...... 

Cocoa  nut  oil,  shea  butter,  and  vegetable  fats 

31,009 

12,069 

10,998 

600 

288,896 

39,570 

35,267 

8,854 

18,454 

467 

291,451 

68,096 

Oil  cakes  ........ 

1,797,111 

1,890,736 

Imports  of  Animal  Oils  and  Fats  into  Germany  {in  Metric  Hundredweights) 


1007. 

1008. 

Lard  ........ 

Oleomargarine  ...... 

Goose  fat,  beef  marrow  fat,  and  similar  fats  . 
Premier  jus  ....... 

Beef  and  mutton  tallow,  pressed  tallow . 

Bone  fat,  waste  fats  ..... 

Fish  oils,  seal  oils  ...... 

Oleine  (oleic  acid)  ...... 

1,048,051 

315,303 

5,480 

59,508 

216,638 

45,367 

201,014 

160,390 

1,087,020 

231,994 

3,489 

56,134 

163,558 

28,125 

177,543 

154,525 

Exports  of  Animal  Oils  and  Fats  from  Germany  {in  Metric  Hundredweights) 


1907. 

1908. 

Premier  jus  ....... 

Beef  and  mutton  tallow,  pressed  tallow  . 

Bone  fat,  waste  fat 

Fish  oils,  seal  oils  ...... 

Oleine  (oleic  acid) 

199 
4,430 
88,815 
j 2,206 

2,544 

978 

6,770 

105,946 

1,714 

3,900 

Imports  of  tVaxes  into  Germany  {in  Metric  Hundredweights) 


1907. 

1908. 

Beeswax  .... 

18,352 

18,039 

Spermaceti .... 

143 

204 
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Exports  of  Waxes  from  Germany  (in  Metric  Hundredweights) 


1 

1907. 

1908. 

Beeswax  .... 

5,800 

4,275 

Spermaceti .... 

13 

Imports  of  Seeds  into  Belgium  ( Values  in  Thousand  Francs) 


1907. 

1908. 

Rape  seed,  riibsen 

29,433 

24,805 

Linseed  .... 

56,596 

54,910 

Sesame  .... 

21,100 

12,587 

Copra,  cocoa  nuts 

15,921'; 

19,849 

Oil  cakes  .... 

38,459 

50,179 

Exports  of  Seeds  from  Belgium  (Values  in  Thousand  Francs) 


1907. 

1908. 

Rape  seed,  riibsen 

21,260 

13,632 

Linseed  .... 

30,262 

34,355 

Sesame  .... 

16,538 

10,307 

Oil  cakes  .... 

13,302 

13,480 

Page  34 

More  recent  statistical  data  of  the  production  of  margarine  are  collated 
in  the  following  table  : — 


Country. 

Actual  Production 
(estimated). 

Imports  in 
1906. 

Exports  in 
1906. 

Holland 

United  Kingdom  . 
United  States  of  America 
Germany 
Denmark 

France  .... 
Sweden  . 

Norway  . 

Austria-Hungary  . 
Belgium .... 

Kilogrammes: 

75.000. 000 

50.000. 000 

50.000. 000 

25.000. 000 

26.000. 000 

25.000. 000 

15.000. 000 
15,000,000 

15.000. 000 

11.000. 000 

Kilogrammes. 

56.210.100 

55.479.100 

168,600 

8,710,000 

65,663 

519,600 

29,400 

792,400 

359 

Kilogrammes. 

53,890,800 

805.700 

108.700 
360,000 

6,368,930 

655,600 

755,400 

1,406,200 

250,297 
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Page  45 

For  the  examination  of  the  fat  used  in  the  manufacture  of  a given 
chocolate,  the  latter  may  be  extracted  with  ether  or  with  petroleum  ether. 
A.  Kreutz 1 proposes  the  extraction  of  chocolate  with  solid  chloral-alcoholate 
(cp.  also  Bordas  and  Touplain  2). 


Page  120 

According  to  private  reports,  the  Mexican  pine  is  also  likely  to  yield  (in 
the  near  future)  considerable  amounts  of  turpentine.  The  Mexican  pine 
differs  from  the  pine  exploited  in  the  United  States  in  its  habitat,  the 
Mexican  pine  growing  at  an  altitude  of  5000  to  9000  feet,  whereas  the 
American  pine  grows  at  a height  of  500  feet.  The  yield  of  turjDentine  per 
tree  is  stated  to  be  much  larger  than  that  of  the  American  pine.  Reliable 
data  are,  however,  not  yet  available.  Up  to  the  present  the  output  of  oil  of 
turpentine  and  rosin  appears  to  be  very  small. 

The  table  of  “ Imports  of  Oil  of  Turpentine  into  the  United  Kingdom  ” 
may  be  supplemented  by  the  following  data  : — 


Imports  into  the  United  Kingdom 


From 

Metric  Tons. 

1906. 

1907. 

1908. 

1 

United  States  . 

19,960 

19,593 

25,184 

France 

1,535 

989 

1,291 

Spain 

327 

Russia 

4,139 

4,910 

1,849 

Other  countries 

8 

23  j 

33 

25,642 

25,515 

28,684 

Page  155 


Indeed  Griin  and  Wetterkamp 3 state  that  neither  is  sulphurous  acid 
liberated  nor  is  a dihydroxylated  acid  formed,  the  reaction  that  does  take 
place  resulting  in  the  splitting  off  of  sulphuric  acid  and  in  the  formation  of 
an  inner  anhydride,  as  is  expressed  by  the  following  equation  : — 


2C17H 


/O.  S03H 
COOH 


+ H20  = 2S04H„  + C17H:,,,(OH)COOC1,H.,,/JOOH. 


The  acid  value  of  the  product  obtained  is  approximately  92  ; as  the 
theoretical  number  is  9 7 ‘6,  this  would  prove  that  small  quantities  of  other 
anhydrides  are  formed. 

1 Zeit.  f.  Unters.  Nahr.  Genussm.  1908,  xv.  680  ; xvi.  585. 

2 Annates  des  falsifications , 1908,  12.  3 Zeit.  f.  Farbenindustrie,  1908,  375. 
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On  boiling  ricinoleo- sulphuric  acid  with  water  in  the  presence  of  a 
mineral  acid,  the  decomposition  is  considerably  accelerated,  and  the  forma- 
tion of  esters  proceeds  beyond  the  stage  indicated  by  the  preceding  equation ; 
probably  a^actide  of  the  following  composition  is  formed  : — 

/O— COv 

C17H32(OH)COOC17H32COOH  = H20  + Ci7H32<^C0_0/C17H32. 

Wagner 1 withdraws  his  previous  statements. 


Page  222 

It  is  reported  that  rich  pockets  of  ozokerite  have  been  found  in  Hungary 
(district  Korosmezo)  at  a depth  of  270  feet.  It  is  further  stated  that,  above 
this  ozokerite  layer,  petroleum  has  been  found  at  a depth  of  60  to  80  feet. 
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G.  T.  Bergh 2 is  of  the  opinion  that  glycerol  forms  with  acrolein  an 
acetal-like  compound,  which  he  terms  glycerolacrylal  (cp.  also  French 
patent  390,713,  Les  Products  chimiques  des  Croissy). 


Page  367 

For  a further  device  for  separating  the  fat  from  sewage  water  cp. 
French  patent  393,172,  Gesellschaft  f.  Abwasserklarung,  m.b.H. 

1 Zeit.  f.  Farbenindustrie,  1908,  378.  2 Svensk.  Farm, . Tidsk.  1908,  385. 
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The  Roman  numbers  i,  ii.  iii.  denote  the  volume. 


Abietie  acid,  i.  491 
Absolute  iodine  value,  i.  456 
Absorption  spectra,  i.  265 
Acacia  oil,  ii.  105 
Acetic  acid,  i.  121 
Acetin,  i.  16 
Acetine,  iii.  2 
Acetodibutyrin,  i.  22 
Acetodiformin,  i.  22 
Acetodimyristin,  i.  23 
Acetodipalmitin,  i.  23 
Acetodistearin,  i.  23 
Acetyl  value,  i.  336 
values  of  alcohols,  i.  339 
values  of  mono-  and  di-glycerides,  i.  341 
values  of  triglycerides,  i.  338 
Acid,  acetic,  i.  121 
acrylic,  i.  137 
aldepalmitic,  i.  90 
angelic,  i.  138 
arachidic,  i.  131 
azelaic,  i.  178 
behenic  i.  132 
behenolic,  i.  153 
brassidic,  i.  152 
butyric,  i.  121 
capric,  i.  123 
caproic,  i.  122 
caprylic,  i.  122 
carnaiibic,  i.  133 
cerotic,  i.  134 
chaulmoogric,  i.  158 
clupanodonic,  i.  162 
cocceric,  i.  163 
crotonoleic,  ii.  184 
daturic,  i.  128 
dihydroxy  behenic,  i.  175 
p-dihydroxybehenic,  i.  175 
dihydroxygad oleic,  i.  175 
dihydroxyjecoleic,  i.  175 
dihydroxypalmitic,  i.  173 
dihydroxypalmitoleic,  i.  173 
dihydroxystearic,  i.  173 
dihydroxy  stearic,  natural,  i.  167 
p-dihydroxystearic,  i.  174 
dihydroxystearidic,  i.  174 


Acid,  dihydroxystearo-sulphuric,  i.  165 
dihydroxy tiglic,  i.  172 
diricinoleic,  i.  165 
doeglic,  i.  150 
elaeomargaric,  i.  155 
elaeostearic,  i.  156 
elai’dic,  i.  147 
erucic,  i.  151 
ficocerylic,  i.  125 
gad  oleic,  i.  151 
gai'dic,  i.  138 
geoceric,  iii.  232 

heptadecamethylenedicarboxylic,  i.  168 

heptadecylic,  ii.  450 

hexahydroxy stearic,  i.  177 

hysenic,  i.  133 

hydnocarpic,  i.  157 

hydroxy  stearic,  i.  171,  172 

hypogaeic,  i.  138 

isanic,  i.  161 

isocetic,  i.  126 

isodihydroxybehenic,  i.  175 

isoerucic,  i.  152 

isolinolenic,  i.  161 

isolinusic,  i.  177 

isooleic,  i.  149 

isoricinoleic,  i.  165 

isotrihydroxy  stearic,  i.  176 

japanic,  i.  169 

jecoleic,  i.  151 

jecoric,  i.  161 

juniperic,  ii.  807 

lanoceric,  i.  168 

lanopalmic,  i.  163 

lauric,  i.  123 

lignoceric,  i.  132 

linolenic,  i.  159 

linolic,  i.  153 

linusic,  i.  177 

lycopodic,  i.  139 

margaric,  i.  128 

melissic,  i.  136 

millet  oil,  i.  155 

monohydroxylated,  i.  170 

montanic,  iii.  232 

morrhuic,  ii.  359 
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Acid,  myristic,  i.  125 

octodecamethylenedicarboxylic,  i.  169 

cenanthic^i.  142 

oleic,  i.  l^O 

palmitic,  i.  126 

palmitoleic,  i.  139 

para-oleic,  i.  149 

pentaricinoleic,  iii.  101,  156 

phocenic,  i.  121 

physetoleic,  i.  139 

pimaric,  i.  491 

pisangcerylic,  i.  133 

psyllostearylic,  i.  136 

quince  oil  acid,  i.  167 

rapic,  i.  150 

ricinelaidic,  i.  167 

ricinic,  i.  167 

ricinoleic,  i.  163 

ricinoleo-sulphuric,  i.  165  ; iii.  159 

sabinic,  ii.  807 

salicylic,  ii.  658 

sativic,  i.  176 

sebacic,  i.  178 

stearic,  i.  129 

stearic,  commercial,  iii.  162 

stearolic,  i.  153 

suberic,  i.  178 

sylvic,  i.  498 

tariric,  i.  155 

telfairic,  i.  155 

tetrahydroxystearic,  i.  176 

theobromic,  i.  92,  ii.  478 

therapic,  i.  162 

tiglic,  i.  138 

tigliceric,  ii.  172 

tribydroxy stearic,  i.  176 

triricinoleic,  iii.  101 

umbellulic,  i.  123 

valeric,  i.  121 

Acid  saponification,  i.  59  ; iii.  181 
Acid  value,  i.  345 
Acids,  acetic  series,  i.  89,  119 
acrylic  series,  i.  90 
' chaulmoogric  series,  i.  156 
clupanodonic  series,  i.  90,  161 
cyclic,  i.  90,  156 
dibasic,  i.  91,  177 
dihydroxylated,  i.  91,  172,  175 
hexahydroxystearic,  i.  177 
hydroxylated,  i.  90,  458,  466 
linolenic  series,  i.  90,  159 
linolic  series,  i.  153 
monohydroxylated,  i.  170 
oleic  series,  i.  137 
oxidised,  i.  468 
ricinoleic  series,  i.  90 
tetrahydroxylated,  i.  176 
trihydroxystearic,  i.  176 
Acorn  oil,  ii.  241 
Acrolein,  i.  185 

detection  in  glycerin,  iii.  330 
Acrylic  series,  i.  90 
Adeps  gossypii,  ii.  167 
Adeps  lanse,  iii.  371 
Adipocere,  ii.  559 


Advocate  pear  fat,  ii.  540 
Afridi  wax,  ii.  89 
Afridi  wax  linoleum,  ii.  89 
Agnine,  ii.  745 
Akee  oil,  ii.  452 
Alapurin,  ii.  745 
Albene,  iii.  38 
Alcohol,  arachyl,  i.  180 
carnaubyl,  i.  180 
ceryl,  i.  181 
cetyl,  i.  179 
cocceryl,  i.  183 
ficoceryl,  i.  183 
isoceryl,  i.  181 
lanolin,  i.  182 
melissyl,  i.  181 
myricyl,  i.  181 
octodecyl,  i.  179 
pentadecylic,  i.  183 
pisangceryl,  i.  179 
psyllostearyl,  i.  182 
raphia,  i.  180 
Alcohols,  i.  91 
aliphatic,  i.  178 
allylic  series,  i.  91 
cyclic  series,  i.  91 

detection  of,  in  unsaponifiable  matter, 
i.  477 

ethane  series,  i.  178 
examination  of,  i.  540 
free,  in  waxes,  i.  51 
glycolic  series,  i.  183 
Aldepalmitic  acid,  i.  90 
Alexandrian  laurel  oil,  ii.  192 
Aliphatic  alcohols,  i.  178 

alcohols,  detection  of,  in  unsaponifiable 
matter,  i.  477 

alcohols,  determination  of,  i.  477 
Alligator  oil,  iii.  351 
Allylic  series  of  alcohols,  i.  182 
Almond  oil,  ii.  233 
oil,  French,  ii.  229 

Amides  of  fatty  acids,  i.  117  ; iii.  246 
Ammonia  salts  of  fatty  acids,  i.  101  ; iii. 
247 

Amoora  oil,  ii.  98 
Amyl  stearate,  i.  19 
Amyrilene,  ii.  479 
Anchovy  oil,  ii.  347 
Andiroba  oil,  ii.  417 
Angelic  acid,  i.  138 
Anhydrides,  i.  419 
of  fatty  acids,  i.  116 
Anilides  of  fatty  acids,  i.  117 
Animal  fats,  ii.  541 
fats,  drying,  ii.  545 
fats,  non-drying,  ii.  554 
fats,  semi-drying,  ii.  546 
oil,  ii.  400 

oils,  ii.  332  ; iii.  347 
oils,  distinction  between,  and  vegetable 
oils,  i.  517 
waxes,  i.  4 : ii.  743 
Anis  seed  oil,  ii.  182 
Annatto,  ii.  661 
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Aouara  oil,  ii.  438 
Aouara  kernel  oil,  ii.  498 
Apple  seed  oil,  ii.  192 
Apricot  kernel  oil,  ii.  227 
Aqueous  saponification,  i.  58  ; iii.  163 
Arachidic  acid,  i.  131 
determination  of,  ii.  252 
Arachin,  i.  19 
Arachis  oil,  ii.  244 
Arachyl  alcohol,  i.  180 
Arappo,  ii.  431 
Arbute  seed  oil,  ii.  84 
Arbutus  unedo  oil,  ii.  84 
Arctic  sperm  oil,  ii.  732 
Areca  nut  fat,  ii.  803 
Argemone  oil,  ii.  108 
Arnisterol,  i.  205 
Artist’s  oil,  iii.  103 
Asellinc,  ii.  359 
Asparagus  seed  oil,  ii.  97 
Ass  milk  fat,  ii.  672 
Atta  seed  oil,  ii.  242 
Auto-hydrolysis,  i.  37 
Axle  greases,  iii.  73 
Azelaic  acid,  i.  178 

Badger  fat,  ii.  724 
Bako  nuts,  ii.  437 
Bakoly  oil,  ii.  61 
Balam  tallow,  ii.  471 
Bambuk  butter,  ii.  432 
Baobab  oil,  ii.  424 
Barley  seed  oil,  ii.  192 
Base  oils,  iii.  131 
Basswood  oil,  ii.  179 
Baudouin’s  test  for  sesame  oil,  ii.  177 
Bay  berry  oil,  ii.  414 
tallow,  ii.  531 
Bean  oil,  ii.  122,  192 
Bear  fat,  ii.  724 
Bebe  oil,  ii.  91 

Becchi’s  test  for  cotton  seed  oil,  ii.  164 
Beechnut  oil,  ii.  139 
Beef  lard,  iii.  1 7 
marrow  fat,  ii.  617 
stearine  in  lard,  ii.  601 
tallow,  ii.  627,  634 
Beeswax,  i.  527  ; ii.  751 
candles,  iii.  335 
ester  value,  ii.  758 
oil,  ii.  755 
Behenic  acid,  i.  132 
Behenolic  acid,  i.  153 
Beligno  seeds,  ii.  309 
Ben  oil,  ii.  304 
Beniseed  oil,  ii.  167 
Benzine  soaps,  iii.  285 
Benzoic  acid,  ii.  659 
Bieber’s  test,  ii.  238 
Birch  seed  oil,  ii.  332 
Blackberry  seed  oil,  ii.  114 
Blackcock  fat,  ii.  546 
Black  fish  oil,  ii.  386 
Black  grease,  iii.  342 
Black  mustard  seed  oil,  ii.  212 


Black  oil,  iii.  365 
Black  recovered  oil,  iii.  365 
Bleaching  oils,  fats,  and  waxes,  ii.  27 
Blown  oils,  iii.  131 
Blubber  oils,  ii.  370 
oxidised,  iii.  131 
Boiled  (linseed)  oil,  iii.  102 
Boiling  points  of  fatty  acids,  i.  96 
Bombicesterol,  i.  204,  ii.  393 
Bonduc  nut  oil,  ii.  192 
Bone  fat,  ii.  619 
Bone  grease,  iii.  345 
Bone  oil,  ii.  402 
Borax,  ii.  657 
Boric  acid,  ii.  657 
Borneo  tallow,  ii.  491 
Bottlenose  oil,  ii.  732 
Brassicasterol,  i.  542 
Brassidic  acid,  i.  152 
Brassidin,  i.  21 
Brazil  nut  oil,  ii.  188 
Bread  oil,  ii.  205 
Bromide  test,  i.  382,  461 
Brominated  fatty  acids,  iii.  246 
oils  and  fats,  iii.  93 
Bromine,  action  on  fats,  i 45 
addition  number,  i.  310 
estimation  of,  in  fats,  i.  223 
substitution  number,  i.  310 
thermal  test,  i.  396 
value,  i.  309 
Bromipin,  iii.  93 

Bromoderivatives  of  liquid  fatty  acids, 
i.  461 

Brown  fish  oil,  ii.  390 
Brown  grease,  iii.  369 
grease  oil,  iii.  77 
rubber  substitutes,  iii.  149 
Brusmer  liver  oil,  ii.  370 
Buck-thorn  oil,  ii.  78 
Buffalo  milk  fat,  ii.  672 
Bumble-bee  wax,  ii.  786 
Bur  oil,  ii.  79 
[ Burdock  oil,  ii.  79 
j Burning  oils,  iii.  45 
i Butter,  ii.  646 

adulteration  of,  ii.  677 
bambuk,  ii.  432 
cacao  (cocoa),  ii.  475 
cacao  shell,  ii.  482 
cacao,  substitutes,  iii.  43 
dika,  ii.  534 
fat,  ii.  646 

fat,  adulteration  of,  ii.  678 
fat,  composition  of,  i.  513  ; ii.  667 
galam,  ii.  432 
gamboge,  ii.  451 
ghe,  ii.  469 
ghee,  ii.  469 
goa,  ii.  489 
illipe,  ii.  431 
Indian,  ii.  469 
Irvingia,  ii.  538 
J kanya,  ii.  540 
I kokum,  ii.  489 
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Butter,  kombo,  ii.  466 
lamy,  ii.  540 
macaja^i.  496 
mace,  ii.'  459,  802 
mahua,  ii.  428 
milk  blended,  ii.  653 
mocaya,  ii.  496 
mohwrah,  ii.  428 
njave,  ii.  436 
nutmeg,  ii.  459,  802 
oil,  ii.  665 

papua  nutmeg,  ii.  464 
Para,  ii.  192 
phulwara,  ii.  469 
process,  ii.  664 
renovated,  ii.  664 
shea,  ii.  432 
Sierra  Leone,  ii.  540 
substitutes,  iii.  18 
tonka,  ii.  525 
vegetable,  iii.  37 
Butterine,  ii.  715  ; iii.  19 
Butyric  acid,  i.  121 
Butyrin,  i.  16 
Butyro-refractometer,  i.  249 
in  analysis  of  butter,  ii.  682 

Cacao  butter,  ii.  475 
butter  substitutes,  iii.  43 
shell  butter,  ii.  482 
Cacaoline,  iii.  44 
Calaba  oil,  ii.  300 
Californian  nutmeg  oil,  ii.  242 
Calophyllum  oil,  ii.  300 
Calorimetric  examination,  i.  290 
Camel  milk  fat,  ii.  672 
Cameline  oil,  ii.  118 
Canari  oil,  ii.  314 
Candle  industry,  iii.  162 
Candle  material,  iii.  206 
Candle  nut  oil,  ii.  67 
Candle  tar,  iii.  205 
Candles,  iii.  162,  235 
ceresin,  iii.  230 

mixed  stearine  and  mineral  wax,  iii.  208 
paraffin  wax,  iii.  208 
sperm,  iii.  335 
stearine,  iii.  162,  206 
tallow,  iii.  206 
wax,  iii.  335 
Capric  acid,  i.  123 
Caprin,  i.  17 
Caproic  acid,  i.  122 
Caproin,  i.  17 
Caprylic  acid,  i.  122 
Caprylin,  i.  17 
Carapa  oil,  ii.  417,  799 
Carbolic  acid  as  solvent  in  the  examination 
of  oils,  i.  287 

Carbolic  acid  in  soap,  iii.  295 
Carcase  fat,  iii.  346 
Carnaiiba  wax,  ii.  736 
Carnaiibic  acid,  i.  133 
Carnaiibyl  alcohol,  i.  180 
Carp  oil,  ii.  347 


Cashew  nut  oil’,  ii.  332 
Castor  oil,  ii.  320 
oil,  blown,  ii.  324 
oil  group,  ii.  316 
oil,  nitrated,  ii.  331 
oil,  polymerised,  iii.  100 
oil  preparations,  iii.  45 
oil  rubber  substitute,  iii.  150 
oil,  soluble,  iii.  131 
Caulosterol,  i.  204 
Cay-cay  fat,  ii.  538 
Ceara  rubber  seed  oil,  ii.  98 
Cedar  nut  oil,  ii.  72 
Celandine  oil,  ii.  120 
Celosia  oil,  ii.  108 
Ceresin,  iii.  222 
candles,  iii.  230 
Cerotic  acid,  i.  134 
Cerotin,  i.  20 
Ceryl  acetate,  i.  181 
alcohol,  i.  181 
cerotate,  i.  49 
palmitate,  i.  49 
Cetin,  i.  49,  ii.  779 
Cetyl  acetate,  i.  180 
alcohol,  i.  179 
benzoate,  i.  180 
palmitate,  i.  49 
stearate,  i.  49 
Ceylon  oil,  ii.  509 
Chamois  fat,  ii.  724 
Champaca  fat,  ii.  432 
Characteristics,  i.  295 
Charlock  oil,  ii.  212 
Chaulmoogra  oil,  ii.  408 
oil  group,  ii.  408 
Chaulmoogric  acid,  i.  158 
Chemical  constitution  of  fats,  i.  4 
constitution  of  waxes,  i.  48 
Cherry  kernel  oil,  ii.  225 
laurel  oil,  ii.  227 
Chicken  fat,  ii.  724 
Chinese  bean  oil,  ii.  122 
vegetable  tallow,  ii.  483 
wax,  ii.  782 
wood  oil,  ii.  60 
Chironji  oil,  ii.  540 

Chloride  of  sulphur,  see  Sulphur  chloride 
Chlorine,  action  of,  on  fats,  i.  45 
colour  reactions,  i.  401 
estimation  of,  in  fats,  i.  223 
Chlorodilaurin,  i.  191 
Chlorodimyristin,  i.  191 
Chlorodistearin,  i.  191 
Chocolate  fats,  ii.  482,  iii.  43 
Cholain,  iii.  374 
Cholecerin,  iii.  374 
Cholepalmin,  iii.  374 
Cholesterol,  i.  196 

determination  of,  in  unsaponifiable 
matter,  i.  471,  518 
Cholesterones,  i.  482 
Cholesteryl  acetate,  i.  202 
benzoate,  i.  202 
butyrate,  i.  202 
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Cholesteryl  cerotate,  i.  50 
formate,  i.  202 
oleate,  i.  50 
palmitate,  i.  49 
propionate,  i.  202 
salicylate,  i.  202 
stearate,  i.  50 
Cholestol  reaction,  i.  201 
Choline,  i.  27 
Chrysalis  oil,  ii.  392 
Cicade  wax,  ii.  786 
Cloth  oils,  iii.  77 
Clover  oil,  ii.  121 
Clupanodonic  acid,  i.  162 
Coal  tar  oils,  i.  478 
Coalfish  liver  oil,  ii.  370 
Coast  cod  oil,  ii.  353 
Cocceric  acid,  i.  163 
Coccerin,  i.  49 
Cocceryl  alcohol,  i.  183 
coccerate,  i.  49 
Cochin  China  wax,  ii.  538 
Cochineal  wax,  ii.  786 
Cochin  oil,  ii.  508 
Cocinic  acid,  ii.  409 
Cocoa  butter,  ii.  475 
Cocoaline,  iii.  38 
Cocoa  nut  oil,  ii.  506 
nut  oil  group,  ii.  494 
nut  oleine,  ii.  516 
nut  stearine,  ii.  516 
Cocose,  iii.  38 
Cod  oil,  ii.  352 
Cod  liver  oil,  ii.  348 
liver  oil  degras,  iii.  354 
Coffee  berry  oil,  ii.  302 
Cognac  oil,  ii.  331 
Cohesion  figures,  i.  225 
Cohune  oil,  ii.  497 
Cold  test,  i.  247  ; iii.  55 
Colophony,  i.  492 
Colorimetry,  i.  265 
Colouring  matters  in  butter,  ii.  660 
in  suet,  iii.  17 
Colour  of  fats,  i.  400 
Colour  tests,  ii.  162,  347 
Colza  oil,  ii.  197 

Commercial  preparation  of  oils  and  fats, 
ii.  1 

Consistence,  i.  279,  507 
Constituents  of  fats  and  waxes,  i.  88 
Coot  fat,  ii.  724 

Copper,  detection  of,  in  fats,  i.  218 
Copra  oil,  ii.  510 
Coprosterol,  208 
Coprosteryl  acetate,  208 
Coriander  seed  oil,  ii.  192 
Corn  oil,  ii.  128 
Corroine,  iii.  353 
Cottolene,  iii.  37 
Cotton  pitch,  iii.  343 
seed  foots,  iii.  340 
seed  foots  soap,  ii.  155  ; iii.  341 
seed  oil,  ii.  145 

seed  oil,  blown,  iii.  (table  facing  p.  132) 


Cotton  seed  oil,  grades,  ii.  154 
seed  oil  group,  ii.  118 
seed  oil  soap  stock,  ii.  155 
seed  stearine  (acid),  iii.  343 
seed  stearine  (fat),  ii.  156 
seed  wax,  ii.  736 
stearine  pitch,  iii.  343 
tree,  ii.  141 
Coula  oil,  ii.  332 
Coumou  oil,  ii.  191 
Crab  wood  oil,  ii.  417 
Cramp  fish  oil,  ii.  347 
Crane  fat,  ii.  724 
Cresylic  acid  in  soap,  iii.  295 
Critical  temperature  of  dissolution,  i.  281 
Croton  oil,  ii.  182 
Elliotianus  oil,  ii.  100 
Crotonoleic  acid,  ii.  184 
Cuajo  virola  fat,  ii.  464 
Curcas  oil,  ii.  186 
wax,  ii.  743 

Curcuma,  detection  of,  in  butter,  ii.  661 
Curd  soap,  iii.  252 
Currier’s  grease,  iii.  362 
Cyclic  series  of  acids,  i.  156 
series  of  alcohols,  i.  196 
Cusk  liver  oil,  ii.  370 

Dame’s  violet  oil,  ii.  74 
Daphne  oil,  ii.  120 
Datura  oil,  ii.  138 
Daturic  acid,  i.  128 
Daturodistearin,  ii.  608 
Daua-Daua  cakes,  ii.  413 
Degras,  iii.  351 
artificial,  iii.  361 
former,  iii.  353 

Demargarinating  oils  and  liquid  waxes,  ii. 
32 

Diacetin,  i.  9 
Diaeetyldiglycid,  iii.  2 
Diagometer,  i.  289 
Diarachin,  i.  11 
Dibasic  acids,  i.  91,  177 
Dibrassidin,  i.  12 
Dibutyrin,  i.  9,  10 
Dicerotin,  i.  11 
Dierucin,  i.  12 
Diformin,  i.  9 
Diglycerides,  i.  8 

determination  of,  i.  358 
mixed,  i.  9 

Dihydroxybehenic  acid,  i.  175 
Dihydroxy-dihydro-chaulmoogric  acid,  i. 

170 

Dihydroxygad oleic  acid,  i.  175 
Dihydroxyjecoleic  acid,  i.  175 
Dihydroxylated  acids,  i.  91,  172,  175 
Dihydroxypalmitic  acid,  i.  173 
Dihydroxypalmitoleic  acid,  i.  173 
Dihydroxystearic  acid,  i.  167,  174 
Dihydroxystearidic  acid,  i.  174 
Dihydroxystearo-sulphuric  acid,  i.  165 
Dihydroxytiglic  acid,  i.  172 
Diisobutyrin,  i.  9 
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Dika  butter,  ii.  534 
fat  group,  ii.  534 
oil,  ii.  534 
Dilaurin,  i.  10 
Dilaurochlorohydrin,  i.  191 
Dimelissin,  i.  11 
Dimyristin,  i.  10 
Dimyristochlorohydrin,  i.  191 
Diolein,  i.  11,  12 
Dioleostearin,  i.  27 
Dipalmitin,  i.  10,  11 
Dipalmitoolein,  i.  26 
Dipalmitostearin,  i.  25 
Diricinoleic  acid,  i.  165 
Distearin,  i.  11 
Distearochlorohydrin,  i.  191 
Distearodaturin,  ii.  608 
Distearopalmitin,  i.  25 
Distillation  glycerin,  iii.  185,  303 
oleine,  iii.  77,  185,  237 
stearine,  iii.  185,  206 
Distilled  glycerin,  iii.  315 
grease,  i.  413  ; iii.  375 
grease,  analysis  of,  i.  525 
grease  oleine,  iii.  77,  375 
grease  stearine,  ii.  642  ; iii.  375 
grease  stearine  in  tallow,  ii.  642 
oleine,  iii.  77,  185,  237 
stearine,  iii.  185,  206 
Divalerin,  i.  10 
Doeglic  acid,  i.  150 
Dog  fat,  ii.  724 
Dogfish  liver  oil,  ii.  370 
Dogwood  oil,  ii.  241 
Dolia  oil,  ii.  429 
Dolphin  oil,  ii.  386 
Domba  oil,  ii.  192 
Domestic  cat  fat,  ii.  724 
duck  fat,  ii.  724 
Driers,  iii.  109 
Dripping,  iii.  17,  41 
Drying  fats,  i.  4 ; ii.  545 
oils,  i.  3 ; ii.  38 
oils,  description  of,  ii.  38-117 
oils,  lesser  known,  ii.  113 
Dugong  oil,  ii.  386 
Duhudu  oil,  ii.  274 
Dynamite  glycerin,  iii.  315 

Earthnut  oil,  ii.  244 
Ech  inops  oil,  ii.  91 
Edible  fats,  iii.  12,  16 
oils,  iii.  12,  14 
oils,  preparation  of,  ii.  28 
Effervescent  oils,  iii.  45 
Egg  oil,  ii.  395 
Elseomargarie  acid,  i.  155 
Elaeostearic  acid,  i.  156 
Elaidic  acid,  i.  147 
Elaidin,  i.  21 
test,  ii.  369 
Ela'idodistearin,  i.  27 
Elaine,  iii.  237 
Elderberry  oil,  ii.  271 
Electrical  conductivity,  i.  289 


Elk  fat,  ii.  724 
Elozy  oil,  ii.  273 
Emulsified  oils  and  fats,  iii.  88 
waxes,  iii.  339 
Emulsion  fat,  iii.  358 
wool  oils,  iii.  86 
Enamel  paints,  iii.  130 
Enamels,  iii.  130 
Enzymes,  action  of,  i.  36 
Ergosterol,  i.  204 
Erucic  acid,  i.  151 
Erucin,  i.  21 

Ethane  series  of  alcohols,  i.  178 
Ethereal  oils  in  fats,  i.  212 
Etholides,  ii.  806 
| Ethylesters  of  fatty  acids,  i.  119 
j Extraction  apparatus,  i.  213 

Fallow  buck  fat,  ii.  724 
j Fat,  definition  of,  i.  3 
determination  of,  i.  212 
estimation  of  water  in,  i.  210 
preparation  of,  for  analysis,  i.  209 
Fat,  advocate  pear,  ii.  540 
areca  nut,  ii.  803 
badger,  ii.  724 
bear,  ii.  724 
beef  marrow,  ii.  617 
blackcock,  ii.  546 
bone,  ii.  619 
butter,  ii.  646 
cay-cay,  ii.  538 
chamois,  ii.  724 
cliampaca,  ii.  432 
chicken,  ii.  724 
coot,  ii.  724 
crane,  ii.  724 
culinary,  iii.  17 
dog,  ii.  724 
domestic  cat,  ii.  724 
domestic  duck,  ii.  724 
elk,  ii.  724 
fallow  buck,  ii.  724 
fox,  ii.  724 
glutton,  ii.  724 
goose,  ii.  554 
hare,  ii.  550 
hog,  ii.  560 
horse,  ii.  547 
horse  marrow,  ii.  554 
human,  ii.  557 
icebear,  ii.  545 
kadam  seed,  ii.  427 
khakan,  ii.  805 
korabo,  ii.  466 
lynx,  ii.  546 
maripa,  ii.  497 
marmot,  ii.  546 
milk,  ii.  646 
mkanyi,  ii.  471 
muriti,  ii.  495 
niam,  ii.  426,  800 
nux  vomica,  ii.  422 
ocuba,  ii.  465 
' otoba,  ii.  464 
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Fat,  pigeon,  ii.  724 
pine  marten,  ii.  724 
polecat,  ii.  724 
rabbit,  ii.  552 
rattlesnake,  ii.  545 
reindeer,  ii.  724 
roebuck,  ii.  724 
sawarri,  ii.  455 
skunk,  ii.  724 
stag,  ii.  722 
starling,  ii.  724 
surin,  ii.  470 
tacamahac,  ii.  300 
tangkallak,  ii.  535 
tangkawang,  ii.  491 
turkey,  ii.  724 
ucuhuba,  ii.  466 
urucaba,  ii.  466 
veppam,  ii.  426 
virola,  ii.  464 
wild  boar,  ii.  566 
wild  cat,  ii.  724 
wild  duck,  ii.  546 
wild  goose,  ii.  556 
wild  olive,  ii.  540 
wild  rabbit,  ii.  552 
wool,  iii.  369 
Fats,  animal,  ii.  541 
animal,  drying,  ii.  545 
animal,  non-drying,  ii.  554 
animal,  semi-drying,  ii.  546 
brominated,  iii.  93 
carcase,  iii.  346 
chocolate,  ii.  482  ; iii.  43 
edible,  iii.  12 
emulsified,  iii.  88 
garbage,  iii.  365 
iodised,  iii.  93 
milk,  ii.  672 
phosphorised,  iii.  45 
properties  of  natural,  i.  28 
saponification  of,  i.  53 
sewage,  iii.  366 
solid,  ii.  407 
sulphurised,  iii.  93 
synthetical,  iii.  1 
vegetable,  ii.  407 
waste,  iii.  340 
Fatty  acid  industry,  iii.  236 
Fatty  acids  (see  Acids),  I.  89 
acids,  acetyl  values  of,  i.  344 
acids,  action  on  indicators,  i.  100 
acids,  amides  of,  iii.  246 
acids,  ammonia  salts  of,  i.  101  ; iii.  247 
acids,  anilides  of,  i.  117 
acids,  behaviour  with  reagents,  i.  114 
acids,  boiling  points  of,  i.  96 
acids,  brominated,  iii.  246 
acids,  examination  of,  i.  404 
acids,  free,  determination  of,  i.  345 
acids,  hydroxylated,  i.  466  ; iii.  245 
acids,  insoluble,  i.  88 
acids,  insoluble,  determination  of,  i.  424 
acids,  insoluble,  preparation  of,  i.  88 
acids,  insoluble  volatile,  i.  435 


Fatty  acids,  iodised,  iii.  246 
acids,  liquid,  i.  454 

acids,  made  by  the  autoclave  process, 
iii.  241 

acids,  made  by  the  ferment  process 
iii.  242 

acids,  made  by  Twitchell’s  process, 
iii.  242 

acids,  mean  molecular  weights,  i.  414 
acids,  melting  points  of,  i.  93 
acids,  neutralisation  values  of,  i.  414 
acids,  non-volatile,  i.  96 
acids,  non-volatile,  examination  of, 
i.  534 

acids,  oxidised,  i.  468 
acids,  properties  of,  i.  92 
acids,  refractive  index,  i.  412 
acids,  rotatory  power,  i.  412 
acids,  salts  of,  i.  99  ; iii.  247 
acids,  saturated,  i.  437,  449 
acids,  solidifying  point  of  (titer  test), 
i.  409 

acids,  solubility  of,  i.  97 
acids,  soluble  volatile,  i.  433 
acids,  sulphurised,  iii.  246 
acids,  unsaturated,  i.  437 
acids,  viscosity  of,  i.  98 
acids,  volatile,  i.  430 
acids,  wool  wax,  iii.  374 
Fatty  oils,  i.  2 

oils,  as  lubricants,  iii.  48 
Ferments,  action  of,  i.  37,  70  ; iii.  242 
Fern  oil,  ii.  192 
Fever  bush  seed  oil,  ii.  332 
Ficoceryl  alcohol,  i.  183 
Ficocerylic  acid,  i.  125 
Fin-back  oil,  ii.  376 
Finner  oil,  ii.  376 
Fir  seed  oil,  ii.  109 
Fish  oils,  ii.  336 
Fish  stearine,  ii.  371  ; iii.  349 
Fish  tallow,  ii.  371 
Flash  point,  iii.  57 
point  of  mineral  oils,  i.  277 
Flax  seed  oil,  ii.  39 
wax,  ii.  740 
Floricin,  iii.  101 
Fluorides,  ii.  659 
Fony  oil,  ii.  424 
Formalin,  ii.  659 
Form  in,  i.  16 
Fox  fat,  ii.  724 

Fractional  crystallisation,  i.  529 
distillation,  i.  532 
Free  fatty  acids,  see  Fatty  acids 
Freezing  mixtures,  i.  246 
Freezing  point  of  oils,  i.  246 
Fucol,  ii.  364 
Fulla  panza  oil,  ii.  242 
Fuller’s  grease,  iii.  364 
Fused  driers,  iii.  107 

Gad  oleic  acid,  i.  151 
Gai'dic  acid,  i.  138 
Galam  butter,  ii.  432 
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Galena  oils,  iii.  74 
Galipot,  i.  492 
Gamboge  butter,  ii.  451 
Gamoose  milk  fat,  ii.  672 
Garbage  fats,  iii.  365 
Garden  cress  oil,  ii.  193 
rocket  oil,  ii.  74 
Genuine  soap,  ii.  272 

soap,  composition  of,  ii.  258 
Geoceric  acid,  iii.  232 
German  sesame  oil,  ii.  118 
Getah  wax,  ii.  741 
Ghe  butter,  ii.  469 
Ghedda  wax,  ii.  767 
Ghee,  ii.  469 
Ghee  butter,  ii.  469 
Gingelli  oil,  ii.  167 
Glucose,  ii.  658 
Glutton  fat,  ii.  724 
Glycerides,  ii.  38 

Glycerin,  chemically  pure,  iii.  320 
crude,  iii.  300 
crude,  distillation,  iii.  303 
crude,  fermentation,  iii.  305 
crude,  saponification,  iii.  301 
crude,  soap  lye,  iii.  305 
crude,  Twitchell,  iii.  304 
crystallised,  iii.  320 
distilled,  iii.  315 
dynamite,  iii.  315 
foots,  iii.  319 
in  soap,  iii.  295 
in  spent  lyes,  iii.  312 
refined,  iii.  315 
soap  crude,  iii.  305 
soap  lye,  iii.  305 
Glycerinates,  i.  190 
Glycerine  manufacture,  iii.  300 
Glycerol,  i.  183 

determination  of,  by  oxidation  processes, 
i.  352 

determination  of,  by  extraction  with 
acetone,  i.  352 

determination  of,  by  the  acetin  process, 
i.  356 

determination  of,  as  isopropyliodide, 
i.  358 

determination  of,  in  chemically  pure 
glycerin,  iii.  321 

determination  of,  in  crude  glycerin, 
iii.  306 

determination  of,  in  dynamite  glycerin, 
iii.  316 

esters  of,  i.  190 
Glycerophosphoric  acid,  i.  193 
Glyceroxides,  i.  188 
Glyceryl  arsenite,  i.  195 
borate,  i.  193 
dinitrate,  i.  193 
esters,  i.  190 
mononitrate,  i.  193 
stearate,  i.  4 
trinitrate,  i.  194 

Glycolic  series  of  alcohols,  i.  183 
Goa  butter,  ii.  489 


Goat’s  tallow,  ii.  642 
Goat’s  milk  fat,  ii.  672 
Gondang  wax,  ii.  741 
Goose  fat,  ii.  554 
Gossypol,  ii.  155 
Grape  seed  oil,  ii.  316 
Grease,  animal,  iii.  344,  347 
axle,  iii.  73 
black,  iii.  342 
bone,  iii.  345 
brown,  iii.  369 
curriers’,  iii.  362 
distilled,  iii.  375 
from  leather  refuse,  iii.  363 
from  tanned  skins,  iii.  363 
from  wash-leather  cuttings,  iii.  363 
fuller’s,  iii.  364 
kitchen,  iii.  344 
lubricating,  iii.  50 
palm  oil,  ii.  451 
pig’s  foot,  iii.  345 
recovered,  iii.  369 
rosin,  iii.  73 
ship’s,  iii.  344 
skin,  iii.  344 
slaughter-house,  iii.  344 
stuffing,  iii.  361 
whale,  iii.  349 
white,  iii.  345 
wool,  ii.  744  ; iii.  369 
Yorkshire,  iii.  371 
Ground  nut  oil,  ii.  244 
Gurjun  oil,  ii.  60 
Gutzeit’s  test,  iii.  332 
Gynocardia  oil,  ii.  79 

Haddock  liver  oil,  ii.  370 
Hake  liver  oil,  ii.  370 
Halphen  colour  reaction,  ii.  162 
Hare  fat,  ii.  550 
Hawthorn  seed  oil,  ii.  790 
Hazelnut  oil,  ii.  268 
Heat  of  bromination  test,  i.  396 
Hedge  mustard  oil,  ii.  197 
Hemp  seed  oil,  ii.  76 
Henbane  seed  oil,  ii.  100 
Heptadecamethylenedicarboxylic  acid, 
i.  168 

Heptadecyldistearin,  see  Daturodistearin 
Heptadecylic  acid,  ii.  450 
Herring  oil,  ii.  345 
refuse  oil,  ii.  345 
Hexahydroxystearic  acid,  i.  177 
Hip  oil,  ii.  790 
Hog  fat,  ii.  560 
Hoi  oil,  ii.  347 
Horse  fat,  ii.  547 
marrow  fat,  ii.  554 
oil,  ii.  550 

Horses’  foot  oil,  ii.  400 
Hot  neck  greases,  iii.  76,  205 
Human  fat,  ii.  557 
Humpback  oil,  ii.  376 
Hysenic  acid,  i.  133 
Hydnocarpic  acid,  i.  157 
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Hydnocarpus  oil,  ii.  410 
Hydrocarbons,  i.  471 
Hydrocarotol,  i.  204 

Hydrochloric  acid,  action  of,  on  fats,  i.  47, 
60 

Hydro-extractors,  ii.  16 
Hydrogen,  action  of,  on  fats,  i.  45 
action  of,  on  fatty  acids,  i.  115 
value,  i.  465 
Hydrolysis  of  fats,  i.  53 
of  soap,  i.  103 
of  waxes,  i.  85 
Hydrostatic  balance,  i.  230 
Hydroxy (lated)  acids,  i.  90,  458,  466  ; 
iii.  245 

acids,  determination  of,  i.  458 
Hydroxyl  value,  i.  481 
Hydroxy  stearic  acid,  i.  171,  172 
Hypogseic  acid,  i.  138 

Icebear  fat,  ii.  545 
Ignition  point,  iii.  61 
Ikpan  seed  oil,  ii.  182 
Illip6  butter,  ii.  431 
Illuminating  oils,  iii.  45 
Indian  butter,  ii.  469 
laurel  oil,  ii.  115 
Indicators  in  fat  analysis,  i.  100 
Inner  iodine  value,  i.  456 
saponification  value,  ii.  343 
Inoy  kernel  oil,  ii.  267 
Insect  wax,  ii.  782 
Insoluble  fatty  acids,  i.  88,  424 
Inukaya  oil,  ii.  91 
Inukusu  oil,  ii.  428 
Iodine,  action  on  fats,  i.  45 
estimation  of,  in  fats,  i.  223 
in  cod  liver  oil,  ii.  366 
value,  i.  308 

value  of  liquid  fatty  acids,  i.  455 
value  of  mixed  fatty  acids,  i.  438 
value  of  oils,  fats,  and  waxes,  i.  324 
Iodipin,  iii.  93 
Iodised  fatty  acids,  iii.  426 
oils  and  fats,  iii.  93 
Iriya  oil,  ii.  459 
Iron  in  fats,  i.  218 
Irvingia  butter,  ii.  539 
Isanic  acid,  i.  161 
Isano  oil,  ii.  117 
Isoceryl  alcohol,  i.  181 
Isocetic  acid,  i.  126 
Isocholesterol,  i.  203 

detection  of,  in  unsaponifiable  matter, 
i.  480 

Isocholesteryl  acetate,  i.  203 
benzoate,  i.  203 
stearate,  i.  50 

Isodihydroxybehenic  acid,  i.  175 
Isoerucic  acid,  i.  152 
Isolinolenic  acid,  i.  161 
Isolinusic  acid,  i.  177 
Isooleic  acid,  i.  149 
Isoricinoleic  acid,  i.  165 
Isotrihydroxystearic  acid,  i.  176 


Jacare  oil,  iii.  351 
Jamba  oil,  ii.  205,  221 
Japan  fish  oil,  ii.  341 
tallow,  ii.  527 
wax,  ii.  527 

wax,  detection  in  beeswax,  ii.  764,  768 
wood  oil,  ii.  60 
Japanese  sardine  oil,  ii.  341 
Japanic  acid,  i.  169 
Java  olives,  oil  of,  ii.  309 
Jaw  oils,  i.  387,  389 
Jecoleie  acid,  i.  151 
Jecoric  acid,  i.  161 
Juniperic  acid,  ii.  807 

Kadam  seed  fat,  ii.  427 
Kagoo  oil,  ii.  413 
Kaloempang  beans,  ii.  309 
Kaloo  nuts,  ii.  61 
Kansive  oil,  ii.  800 
Kanya  butter,  ii.  540 
Kapok  oil,  ii.  141 
Karite  oil,  ii.  432 
Kay  a oil,  ii.  90 
Kekuna  oil,  ii.  69 
Kephalin,  i.  29 
Ketjatkil  oil,  i.  453 
Khakan  fat,  ii.  805 
Kilnel  oil,  ii.  805 
Kitchen  grease,  iii.  344 
Koeme  oil,  ii.  270 
Kokum  butter,  ii.  489 
Kombo  butter,  ii.  466 
fat,  ii.  466 
Kon  oil,  ii.  453 
Korung  oil,  ii.  413 
Ko-sam  seed  oil,  ii.  332 
Kottstorfer  value,  i.  296 
Koumounu  oil,  ii.  332 
Kusu  oil,  ii.  540 

Labreu  tallow,  ii.  540 
Lactine,  iii.  38 
Lactones,  i.  114,  419 
Lallemantia  oil,  ii.  66 
Lamy  butter,  ii.  540 
Lanoceric  acid,  i.  168 
Lanocerin,  i.  168 
Lanolin,  ii.  750 
alcohol,  i.  182 
Lanopalmic  acid,  i.  163 
Lard,  ii.  560 
beef,  iii.  17 
oil,  ii.  615 
stearine,  ii.  615,  805 
substitutes,  ii.  568  ; iii.  40 
Lardeen,  iii.  17 

Lardine  (cotton  seed  oil),  ii.  167 
Larkspur  oil,  ii.  192 
Laurane,  ii.  415 
Laurel  oil,  ii.  414 
nut  oil,  ii.  192 
wax,  ii.  531 
Laureol,  iii.  38 
Laurie  acid,  i.  123 
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Laurin,  i.  18 
Laurodimyristin,  i.  23 
Laurodistearin,  i.  24 
Laurostearin,  i.  18 
Lead,  detection  of,  in  fats,  i.  218 
plaster,  iii.  299 
Lecithin,  i.  27 
in  butter,  i.  667 
in  margarine,  iii.  25 
Leinolschmalz,  ii.  48 
Lemon  pips  oil,  ii.  180 
Liebermann-Storch  reaction,  i.  500 
Lignite  wax,  ii.  736  ; iii.  231 
Lignoceric  acid,  i.  132 
Lime,  in  fats,  i.  217 
saponification,  iii.  167 
Linamarin,  ii.  48 
Linaria  oil,  ii.  84 
Linden  tree  oil,  ii.  192 
Ling  liver  oil,  ii.  370 
Linolenic  acid,  i.  159 
determination  of,  i.  454 
Linoleum,  iii.  145 
Linolic  acid,  i.  153 
determination  of,  i.  454 
Linoxyn,  ii.  53 
Linseed  cake,  ii.  48 
oil,  ii.  39 

oil,  adulteration  of,  ii.  58 
oil,  boiled,  iii.  102 
oil,  polymerised,  iii.  94 
oil,  solid,  iii.  143 
oil  varnishes,  iii.  117 
Linusic  acid,  i.  177 
Lipase,  i.  35 
Lipochromes,  ii.  359 
Liquid  driers,  iii.  107 
Liquid  fatty  acids,  i.  454,  537 
determination  of,  i.  454 
Liquid  waxes,  ii.  724  ; iii.  48 
oxidised,  iii.  131 
Lithium  salts,  i.  113,  448 
Lithographic  varnishes,  iii.  95 
Litmus,  i.  100 
Livache  test,  i.  377 
Liver  oils,  ii.  347 
Liver  oils,  colour  reaction,  ii.  347 
Loofah  seed  oil,  ii.  181 
Louc-Mouc  seed  oil,  ii.  332 
Lubricants,  iii.  48,  50 
Lubricating  grease,  iii.  75 
oils,  iii.  48 
paste,  iii.  75 

Luffa  seed  oil,  ii.  181,  792 
Lukrabo  oil,  ii.  410 
Lupeol,  i.  205 
Lycopodic  acid,  i.  139 
Lycopodium  oil,  ii.  796 
Lynx  fat,  ii.  546 

Macaja  butter,  ii.  496 
Macassar  oil,  ii.  453 
Mace  butter,  ii.  459,  802 
Madagascar  rhimba  wax,  ii.  743 
Madia  oil,  ii.  Ill 


Madol  oil,  ii.  491 
Mafura  oil,  ii.  456 
tallow,  ii.  455 
Magma,  iii.  364 
Mahua  butter,  ii.  428 
Maize  oil,  ii.  128 
Malabar  tallow,  ii.  473 
Manatee  oil,  ii.  386 
Mangosteen  oil,  ii.  489 
Manihot  oil,  ii.  98 
Marble  wax,  iii.  223 
Mare’s  milk  fat,  ii.  672 
Margaric  acid,  i.  128 
Margarine,  iii.  18 
Margarine  d’arachide,  ii.  248 
Margarine  oil,  iii.  18 
Margosa  oil,  ii.  426 
Marine  animal  oils,  ii.  333 
soaps,  ii.  495 
Maripa  fat,  ii.  497 
Marmot  fat,  ii.  546 
Marrow  fat,  ii.  617 
Maumene  test,  i.  384 
Me  oil,  ii.  429,  431 
Melia  azedarach  oil,  ii.  100 
Melissic  acid,  i.  136 
Melissin,  i.  20 
Melissyl  alcohol,  i.  181 
melissate,  i.  50 
Melon  oil,  ii.  388 
seed  oil,  ii.  127 

Melting  point,  determination  of,  i.  239 
point  of  fats  and  waxes,  i.  243 
point  of  fatty  acids,  i.  93 
point  of  mixed  fatty  acids  from  oils  and 
liquid  waxes,  i.  405 
point  of  mixed  fatty  acids  from  solid 
fats  and  waxes,  i.  405 
Menhaden  oil,  ii.  337 
Meni  oil,  ii.  427 
Metallic  soaps,  i.  113  ; iii.  298 
Methylated  spirit,  i.  82 
mineralised,  i.  83 
purification  of,  i.  82 
Methylesters  of  fatty  acids,  i.  119,  538 
Methylorange,  i.  100 
Microscopic  examination,  i.  264 
Milk-blended  butter,  ii.  653 
Milk  fats,  ii.  672 
Millet  oil  acid,  i.  155 
seed  oil,  ii.  788 

Milliau  test  for  cotton  seed  oil,  ii.  165 
Mineral  oils,  i.  486 

oils  as  lubricants,  iii.  49 
waxes,  iii.  208 

Mineralised  methylated  spirits,  i.  83 
Mixed  process,  ii.  26 
Mkanyi  fat,  ii.  471 
Mocaya  butter,  ii.  496 
oil,  ii.  496 
Moellon,  iii.  352 
Mohamba  oil,  ii.  117 
Molecular  weight  of  fatty  acids,  i.  414 
Monoacetin,  i.  6 
Monoarachin,  i.  7 
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Monobutyrin,  i.  6 
Monocerotin,  i.  7 
Monoformin,  i.  6 
Monoglycerid.es,  i.  5 
Monohydroxylated  acids,  i.  170 
Monoisobutyrin,  i.  6 
Monolaurin,  i.  7 
Monomelissin,  i.  7 
Monoolein,  i.  7 
Monopalmitin,  i.  7 
Monostearin,  i.  7 
Monostearochlorohydrin,  i.  191 
Monovalerin,  i.  7 
Montanic  acid,  iii.  232 
Montan  wax,  ii.  736  ; iii.  231 
Morrhuic  acid,  ii.  359 
Morrhuine,  ii.  359 
Mountain  ash  berry  oil,  ii.  107 
Mohwrah  butter,  ii.  428 
Mowrah  seed  oil,  ii.  428 
Mucilage,  iii.  341 
Mucuna  oil,  ii.  190 
Muriti  fat,  ii.  495 
Mustard  oil,  black,  ii.  212 
white,  ii.  216 
Mutton  tallow,  i.  627’ 

Myricin,  i.  49 
Myricyl  alcohol,  i.  181 
melissate,  i.  50 
palmitate,  i.  49 
Myristic  acid,  i.  125 
Myristica  group,  ii.  459,  803 
Myristin,  i.  18 
Myristodilaurin,  i.  24 
Myristodistearin,  i.  24,  25 
Myristopalmitoolein,  i.  26 
Myrtle  seed  oil,  ii.  181 
wax,  ii.  531 
Myrobalan  oil,  ii.  798 

Naphthalides  of  fatty  acids,  i.  117 

Nari  oil,  ii.  436 

Neat’s  foot  oil,  ii.  402 

Neem  oil,  ii.  426 

Neoline,  iii.  87 

Neutral  fat,  determination  of,  i.  510 
fat  in  soaps,  iii.  292 
fats,  i.  4 

Neutralisation  value,  i.  414 
Niam  fat,  ii.  426,  800 
Nicker  seed  oil,  ii.  192 
Niger  seed  oil,  ii.  101 
Nitrated  oils,  ii.  331  ; iii.  153 
Nitric  acid,  action  on  fats,  i.  46 
acid  test  for  almond  oil,  ii.  238 
acid  test  for  cotton  seed  oil,  ii.  163 
Nitrobenzene,  iii.  72 
Nitroglycerin,  i.  194  ; iii.  317 
Nitronaphtlialene,  iii.  72 
Nitrous  acid,  action  on  fat,  i.  47 
acid  in  elaidin  test,  i.  369 
Njamplung  oil,  ii.  300 
Njatuo  tallow,  ii.  471 
Njave  butter,  ii.  436 
oil,  ii.  436 


Njore-Njole  oil,  ii.  266 
Non-drying  fats,  i.  4 
oils,  ii.  223 

Non-saturated  fatty  acids,  i.  437 
Noumgou  oil,  ii.  436 
Nsa-sana  oil,  ii.  80 
Nucoline,  iii.  38 
Nut  oil,  ii.  81 

Nutmeg  butter,  ii.  459,  802 
Nux  vomica  fat,  ii.  422 

Oba  oil,  ii.  534 

Occurrence  of  fatty  acids,  i.  91 
Ocotilla  wax,  ii.  743 

Octodecamethylenedicarboxylic  acid,  i. 
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Octodecyl  acetate,  i.  180 
alcohol,  i.  179 
palmitate,  i.  49 
Ocuba  fat,  ii.  465 
wax,  ii.  465 
Odour  of  fats,  i.  507 
(Enanthic  acid,  i.  142 
aldehyde,  i.  142 
Oil,  acacia,  ii.  105 
acorn,  ii.  241 
akee,  ii.  452 

Alexandrian  laurel,  ii.  192 
alligator,  iii.  351 
almond,  ii.  233 
almond,  French,  ii.  229 
amoora,  ii.  98 
anchovy,  ii.  347 
andiroba,  ii.  417 
animal,  ii.  400 
anis  seed,  ii.  182 
aouara,  ii.  438 
aouara  kernel,  ii.  498 
apple  seed,  ii.  192 
apricot  kernel,  ii.  227 
arachis,  ii.  244 
arbute  seed,  ii.  84 
arbutus  unedo,  ii.  84 
arctic  sperm,  ii.  732 
argemone,  ii.  108 
asparagus  seed,  ii.  97 
atta  seed  oil,  ii.  242 
bakoly,  ii.  61 
baobab,  ii.  424 
barley  seed,  ii.  192 
basswood,  ii.  179 
bay  berry,  ii.  414 

bean,  ii.  122,  192 

bebe,  ii.  91 
beechnut,  ii.  139 
beeswax,  ii.  755 
ben,  ii.  304 
beniseed,  ii.  167 
birch  seed  oil,  ii.  332 
black,  iii.  365 
blackberry  seed,  ii.  114 
black  fish,  ii.  386 

black  mustard  seed,  ii.  212 
black  recovered,  iii.  365 
bonduc  nut,  ii.  192 
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Oil,  bone,  ii.  402 
bottlenose,  ii.  732 
Brazil  nut,  ii.  188 
bread,  ii.  205 
brown  fish,  ii.  390 
brown  grease,  iii.  77 
brusmer  liver,  ii.  370 
buck-thorn,  ii.  78 
bur,  ii.  79 
burdock,  ii.  79 
calaba  oil,  ii.  300 
Californian  nutmeg,  ii.  242 
calophyllum,  ii.  300 
cameline,  ii.  118 
canari,  ii.  314 
candle  nut,  ii.  67 
carapa,  ii.  417,  799 
carp,  ii.  347 
cashew  nut,  ii.  332 
castor,  ii.  320 
ceara  rubber  seed,  ii.  98 
cedar  nut,  ii.  72 
celandine,  ii.  120 
celosia,  ii.  108 
Ceylon,  ii.  507 
charlock,  ii.  212 
chaulmoogra,  ii.  408 
cherry  kernel,  ii.  225 
cherry  laurel,  ii.  227 
Chinese  bean,  ii.  122 
Chinese  wood,  ii.  60 
chironji,  ii.  540 
chrysalis,  ii.  392 
clover,  ii.  121 
coalfish  liver,  ii.  370 
coast  cod,  ii.  353 
Cochin,  ii.  506 
cocoa  nut,  ii.  506 
cod,  ii.  352 
cod  liver,  ii.  348 
coffee  berry,  ii.  302 
cohune,  ii.  497 
colza,  ii.  197 
copra,  ii.  510 
coriander  seed,  ii.  192 
corn,  ii.  128 
cotton  seed,  ii.  143 
coula,  ii.  332 
coumou,  ii.  191 
crab  wood,  ii.  417 
cramp  fish,  ii.  347 
croton,  ii.  182 
croton  Elliotianus,  ii.  100 
curcas,  ii.  186 
cusk  liver,  ii.  370 
dame’s  violet,  ii.  74 
daphne,  ii.  120 
datura,  ii.  138 
dika,  ii.  534 
dogfish  liver,  ii.  370 
dogwood,  ii.  241 
dolia,  ii.  429 
dolphin,  ii.  386 
domba,  ii.  192 
dugong,  ii.  386 


Oil,  duhudu,  ii.  274 
earthnut,  ii.  244 
echinops,  ii.  91 
egg,  ii.  395 
elderberry,  ii.  271 
elozy,  ii.  273 
fern,  ii.  192 
fever  bush  seed,  ii.  332 
finback  oil,  ii.  376 
finner  oil,  ii.  376 
fir  seed,  ii.  109 
flax  seed,  ii.  39 
fony,  ii.  424 
fulla  panza,  ii.  242 
garden  cress,  ii.  193 
garden  rocket,  ii.  74 
German  sesame,  ii.  118 
gingelli,  ii.  167 
grape  seed,  ii.  316 
ground  nut,  ii.  244 
gynocardia,  ii.  79 
haddock  liver,  ii.  370 
hake  liver,  ii.  370 
hawthorn,  ii.  790 
hazelnut,  ii.  268 
hedge  mustard,  ii.  197 
hemp  seed,  ii.  76 
henbane  seed,  ii.  100 
herring,  ii.  345 
hip,  ii.  790 
hoi,  ii.  347 
horses’  foot,  ii.  400 
humpback,  ii.  376 
hydnocarpus,  ii.  410 
Ikpan  seed,  ii.  182 
Indian  laurel,  ii.  115 
inoy  kernel,  ii.  267 
inukaya,  ii.  91 
inukusu,  ii.  428 
isano,  ii.  117 
jacare,  iii.  351 
jamba,  ii.  205,  221 
Japan  fish,  ii.  341 
Japanese  sardine,  ii.  341 
Japanese  wood,  ii.  60 
Java  olive,  ii.  309 
kagoo,  ii.  413 
kansive,  ii.  800 
kapok,  ii.  141 
karite,  ii.  432 
kaya,  ii.  90 
kekuna,  ii.  69 
ketjatkil,  ii.  453 
kilnel,  ii.  805 
koeme,  ii.  270 
kon,  ii.  453 
korung,  ii.  413 
k6-sam  seed,  ii.  332 
koumounu,  ii.  332 
kusu,  ii.  540 
lallemantia,  ii.  66 
lard,  ii.  615 
larkspur,  ii.  192 
laurel,  ii.  414 
laurel  nut,  ii.  192 
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Oil,  lemon  pips,  ii.  180 
1 inaria,  ii.  84 
linden  tree,  ii.  192 
ling  liver,  ii.  370 
linseed,  ii.  39 
loofah  seed,  ii.  181 
louc-mouc  seed,  ii.  332 
luffaseed,  ii.  181,  792 
lukrabo,  ii.  410 
lycopodium  oil,  ii.  796 
macassar,  ii.  453 
madia,  ii.  Ill 
madol,  ii.  491 
mafura,  ii.  456 
maize,  ii.  128 
manatee,  ii.  386 
mangosteen,  ii.  489 
manihot,  ii.  98 
margarine,  iii.  18 
margosa,  ii.  426 
me,  ii.  429,  431 
melia  azedarach,  ii.  100 
melon  seed,  ii.  127 
menhaden,  ii.  337 
meni,  ii.  427 
millet  seed,  ii.  788 
mocaya,  ii.  496 
mohamba,  ii.  117 
mountain  ash  berry,  ii.  107 
mowrah  seed,  ii.  428 
myrobalan,  ii.  798 
myrtle  seed,  ii.  181 
mucuna  oil,  ii.  190 
mustard,  ii.  212 
nari,  ii.  436 
neat’s  foot,  ii.  402 
neem,  ii.  426 
nicker  seed,  ii.  192 
niger  seed,  ii.  101 
njamplung,  ii.  300 
njave,  ii.  436 
njore-njole,  ii.  266 
noumgou,  ii.  436 
nsa-sana,  ii.  80 
nut,  ii.  81 
oba,  ii.  534 
oleander,  ii.  798 
oleo,  iii.  18 
olive,  ii.  274 
olive  kernel,  ii.  298 
orange  seed,  ii.  192 
owala,  ii.  242 
palm,  ii.  439,  801 
palm  kernel,  ii.  499 
palm  nut,  ii.  499 
paprica,  ii.  192 
paradise  nut,  ii.  312 
para  palm,  ii.  192 
para  rubber  tree  seed,  ii.  106 
parkia,  ii.  412 
patava,  ii.  191 
payena,  ii.  800 
peach  kernel,  ii.  231 
pekea  nut,  ii.  455 
peanut,  ii.  244 


Oil,  pear  seed,  ii.  192 
perilla,  ii.  38 
persimmon  seed,  ii.  135 
physic  nut,  ii.  186 
pilcher,  ii.  347 
pine  nut,  ii.  109 
pinot,  ii.  192 
pistachio,  ii.  267 
plum  kernel,  ii.  229 
pollock  liver,  ii.  370 
pongam,  ii.  413 
poonseed,  ii.  192,  300 
poppy  seed,  ii.  92 
porpoise,  ii.  388 
pumpkin  seed,  ii.  124 
purging  nut,  ii.  186 
quince,  ii.  224 
radish  seed,  ii.  219 
rape,  ii.  197 
raspberry  seed,  ii.  113 
ravison,  ii.  195 
ray  liver,  ii.  370 
red,  iii.  174 
red  clover,  ii.  121 
red  currant  seed,  ii.  789 
reniala,  ii.  424 
rice,  ii.  260 
rubber  seed,  ii.  106 
rubsen,  ii.  197 
rye  seed,  ii.  192 
safflower,  ii.  85 
saffron,  ii.  85 
saith  liver  oil,  ii.  370 
salmon,  ii.  347 
sanguinella,  ii.  241 
sardel,  ii.  347 
sardine,  ii.  344 
sasanqua,  ii.  265 
scrim,  iii.  145 
seal,  ii.  370 
secale,  ii.  314,  797 
sedge,  ii.  332 
seek,  iii.  364 
senega  root,  ii.  308 
service  berry,  ii.  107 
sesame,  ii.  167 

shark  liver  (Arctic  and  Japan),  i 

shea  nut,  ii.  435 

sheep’s  foot,  ii.  398 

skate  liver,  ii.  370 

small  fennel,  ii.  223 

soap  tree,  ii.  332 

sod,  iii.  351 

soja  bean,  ii.  122 

solidified,  iii.  73 

sorghum,  ii.  190 

soy  bean,  ii.  122 

sperm,  ii.  724 

spice  bush  seed,  ii.  332 

spindle  tree,  ii.  192,  793 

sprat,  ii.  347 

staff  tree,  ii.  274 

sterculia,  ii.  309 

stickleback,  ii.  347 

stillingia,  ii.  70 
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Oil,  strawberry  seed,  ii.  113,  788 
strophantus  seed,  ii.  307 
sturgeon,  ii.  347 
sunfish,  ii.  347 
sunflower,  ii.  103 
swallow- wort,  ii.  120 
tallow,  ii.  634 
tallow  seed,  ii.  70 
tamarind  seed,  ii.  192 
tea  seed,  ii:  262 
teel,  ii.  167 
terminalia,  ii.  798 
thistle  seed,  ii.  91 
toadstool,  ii.  332 
tobacco  seed,  ii.  116 
tomato  seed,  ii.  192,  794 
touloucouna,  ii.  417 
tropaeolum,  ii.  312 
tsubaki,  ii.  264 
tucum,  ii.  438 
tung,  ii.  60 
tunny  liver,  ii.  370 
turtle,  ii.  384 
ungnadia,  ii.  304 
ungueko,  ii.  117 
veepa,  ii.  426 
walnut,  ii.  81 
water  melon,  ii.  126 
wax,  ii.  97 
weld  seed,  ii.  116 
whale,  ii.  376 
whalebone,  ii.  378 
wheat,  ii.  136 
wheat  meal,  ii.  240 
white  acacia,  ii.  72 
white  clover,  ii.  121 
white  fish,  ii.  336 
white  mustard  seed,  ii.  216 
whiting,  ii.  347 
whiting  liver,  ii.  370 
wild  mango  oil,  ii.  534 
yellow  acacia,  ii.  105 
zachun,  ii.  185 
Oil  cakes,  ii.  18 

of  turpentine,  iii.  119 
nuts,  ii.  468 
thickener,  iii.  66,  299 
thickener  in  lubricating  oils,  iii.  66 
varnishes,  iii.  115 
Oils,  animal,  ii.  332-406 
base,  iii.  131 
blown,  iii.  131 
blubber,  ii.  370 
boiled,  iii.  102 
brominated,  iii.  97 
burning,  iii.  45 
cloth,  iii.  77 
coal  tar,  L 478 
demargarinating,  ii.  32 
drying,  ii.  38 
edible,  iii.  12,  14 
edible,  preparation  of,  ii.  28 
effervescent,  iii.  45 
emulsified,  iii.  88 
fatty,  i.  2 : iii.  48 


Oils,  fish,  ii.  336 
galena,  iii.  74 
illuminating,  iii.  45 
iodised,  iii.  93 
lesser  known  drying,  ii.  113 
lesser  known  fish,  ii.  347 
. lesser  known  liver,  ii.  370 
lesser  known  non-drying,  ii.  332 
lesser  known  semi-drying,  ii.  192 
liver,  ii.  347 
lubricating,  iii.  48 
marine  animal,  ii.  333 
mineral,  iii.  48 
nitrated,  iii.  153 
non-drving,  ii.  223  ' 
oxidised,  iii  130 
paint,  iii.  47 
phosphorised,  iii.  45 
plumbago,  iii.  74 
polymerised,  iii.  94 
preserving,  ii.  33 
properties  of  natural,  i.  28 
refining  and  bleaching,  ii.  27 
rosin,  iii.  63 
salad,  iii.  14 
semi-drying,  ii.  117 
solidified,  iii.  73 
sulphonated,  iii.  154 
sulphurised,  iii.  93 
sweet,  iii.  14 
I table,  iii.  15 
tar,  iii.  65 

teri’estrial  animal,  ii.  392 
thickened,  iii.  131 
turkey-red,  iii.  154 
vegetable,  ii.  38 
vulcanised,  iii.  149 
waste,  iii.  340 
winter,  ii.  33 
wool,  iii.  77 
Oleaginous  seeds,  ii.  5 
Oleander  oil,  ii.  798 
Olease,  ii.  287 
Oleic  acid,  i.  140 
acid,  commercial,  iii,  237 
acid,  conversion  into  candle  material, 
iii.  188 

acid,  conversion  into  elaidic  acid,  iii. 
189 

acid,  conversion  into  palmitic  acid,  iii. 
189 

acid,  determination  of,  i.  453 
acid,  determination  of,  in  press  cakes, 
iii.  176 

acid  ozonide,  i.  144,  541 
Olein,  i.  20 
Oleine,  iii.  237 
cocoa  nut,  ii.  516 
cotton  foots,  iii.  343 
distillation,  iii.  77,  185,  238 
distilled,  iii.  77,  185,  237 
distilled  grease,  iii.  77,  375 
palm  nut,  ii.  504 
saponification,  iii.  237 
saponified,  iii.  77 
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Oleine,  wool  fat,  i.  525 
wool  oil,  iii.  77 
Oleodipalmitin,  i.  26 
Oleodistearin,  i.  26 
Oleomargarine,  ii.  628  ; iii.  18 
Oleo  oil,  ii.  628  ; iii.  18 
Oleopalmitobutyrate,  i.  13  • 
Oleopalmitostearin,  i.  26 
Oleo-refractometer,  i.  253 
in  analysis  of  butter,  ii.  683 
in  analysis  of  lard,  ii.  588 
Oleostearine,  ii.  628  ; iii.  19 
Olid  fatty  acids,  iii.  349 
Olive  oil,  ii.  274 
Olive  oil,  varieties  of,  ii.  280 
kernel  oil,  ii.  298 
oil  grease,  ii.  282 
Olives  of  Java,  ii.  309 
Opium  wax,  ii.  736 
Optical  rotation,  i.  263 
Orange  seed  oil,  ii.  192 
Organoleptic  methods,  i.  507 
Otoba  fat,  ii.  464 
wax,  ii.  464 
Owala  oil,  ii.  242 

Oxidation  of  unsaturated  fatty  acids,  i. 
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Oxidised  acids,  i.  468 
oils,  iii.  130 

Oxygen  absorption  test,  i.  374 
Oxyoleates,  iii.  161 
Ozokerite,  iii.  222 
Ozone,  action  of,  on  fats,  i.  44,  375 
on  fatty  acids,  i.  44 
value,  i.  376 

Paint  oils,  iii.  47 
Paints,  iii.  114 
Palmine,  iii.  38 
Palmitic  acid,  i.  126 

acid,  determination  of,  i.  453 
acid,  separation  from  oleic  acid,  i.  437 
Palmitin,  i.  18 
Palmitodistearin,  i.  25 
Palmitolic  acid,  i.  139 
Palm  oil,  ii.  439,  801 
kernel  oil,  ii.  499 
nut  oil,  ii.  499 
nut  oleine,  ii.  504 
nut  stearine,  ii.  504 
oil  grease,  ii.  451 
wax,  ii.  742 
Paprica  oil,  ii.  192 
Papua  nutmeg  butter,  ii.  464 
Para  butter,  ii.  192 
Para  palm  oil,  ii.  192 
Para  rubber  tree  seed  oil,  ii.  106 
Paradise  nut  oil,  ii.  312 
Paraffin  scale,  iii.  212 
wax,  iii.  209 
wax  candles,  iii.  221 
wax,  detection  in  unsaponifiable  matter, 
i.  485 

Para-oleic  acid,  i.  149 
Parkia  oil,  ii.  412 
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Patava  oil,  ii.  191 
Payena  oil,  ii.  800 
Peach  kernel  oil,  ii.  231 
Peanut  oil,  ii.  244 
Pear  seed  oil,  ii.  192 
Peat  wax,  ii.  736  ; iii.  233 
Pekea  nut  oil,  ii.  455 
Pentadecylic  alcohol,  i.  183 
Pentaricinoleic  acid,  iii.  101,  156 
Perilla  oil,  ii.  38 
Persimmon  seed  oil,  ii.  135 
Pharmaceutical  compounds,  iii.  93 
Phaseolunatin,  ii.  48 
Phenolphthalein,  i,  100 
Phloroglucinol  test  for  almond  oil,  ii.  238 
Phocenic  acid,  i.  121 
Phospho-molybdic  acid  test,  ii.  348 
Phosphoric  acid  as  reagent,  i.  401 
Phosphorised  oils,  iii.  45 
Phosphorus  in  fats,  i.  221 
Phulwara  butter,  ii.  469 
Physetoleic  acid,  i.  139 
Physic  nut  oil,  ii.  186 
Physical  methods  of  examining  fatty  oils 
and  liquid  waxes,  i.  224 
Physical  methods  of  examining  solid  fats 
and  waxes,  i.  224 

Physical  properties  of  oils,  fats,  and  waxes, 
i.  224 

Phytosterol,  see  Sitosterol 

in  unsaponifiable  matter,  i.  471 
Phytosterol  test,  i.  471 
Phytosteryl  acetate  test,  i.  473,  517 
Picnometer,  i.  228 
Pigeon  fat,  ii.  724 
Pilcher  oil,  ii.  347 
Pimaric  acid,  i.  491 
Pinates,  i.  499 
Pine  marten  fat,  ii.  724 
Pine  nut  oil,  ii.  109 
Piney  tallow,  ii.  473 
Pinot  oil,  ii.  192 
Pisang  wax,  ii.  742 
Pisangceryl  alcohol,  i.  179 
Pisangcerylic  acid,  i.  133 
Pistachio  oil,  ii.  267 
Pitch,  brewer’s,  iii.  98 
Pitch,  from  cotton  seed  foots,  iii.  343 
from  distilled  grease,  iii.  379 
from  stearine,  iii.  205 
from  wool  fat,  iii.  379 
Plum  kernel  oil,  ii.  229 
Plumbago  oils,  iii.  74 
Polarimetric  examination,  i.  262 
examination  of  oils,  i.  262 
examination  of  rosin  oils,  i.  488 
Polarisation  microscope,  i.  264 
Polecat  fat,  ii.  724 
Polishes,  iii.  338 
Pollock  liver  oil,  ii.  370 
Polyglycerols,  i.  196  ; iii.  319 
Polymerised  oils,  iii.  94 
castor  oil,  iii.  100 
linseed  oil,  iii.  94 
safflower  oil,  iii.  100 
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Polymerised  sterculia  oil,  iii.  102 
tung  oil,  iii.  98 
Polyricinoleic  acids,  i.  164 
Pongam  oil,  ii.  413 
Poonseed  oil,  ii.  192,  300 
Poppy  seed  oil,  ii.  92 
Porpoise  oil,  ii.  388 
Potash  soaps,  iii.  277 
Poutet’s  test,  i.  370 
Precipitated  driers,  iii.  107 
Premier  jus,  ii.  628 
Preservatives  in  butter,  ii.  657 
Preserving  oils  and  fats,  ii.  33 
Process  butter,  ii.  664 
Propolis,  ii.  751 
Psylla  wax,  ii.  784 
Psyllostearyl  alcohol,  i.  182 
Psyllostearylic  acid,  i.  136 
Pumpkin  seed  oil,  ii.  124 
Purging  nut  oil,  ii.  186 
futty  oil,  ii.  60 

Qualitative  examination  of  fats,  i.  369 
Quantitative  analysis  of  fats,  i.  294 
reactions,  i.  295 
Quince  oil,  ii.  224 
Quince  oil  acid,  i.  161 

Babbit  fat,  ii.  552 
Kadisli  seed  oil,  ii.  219 
Bambutan  tallow,  ii.  473 
Bancidity,  i.  39 

conditions  favouring,  ii.  34 
tests  for,  i.  42 
-Bape  oil,  ii.  197 
oil,  blown,  iii.  133 
oil  group,  ii.  193 
oil  rubber  substitute,  iii.  150 
oil  ste^rine,  ii. . 206 
Baphia  alcohol,  i.  180 
wax,  ii.  743 
Bapic  acid,- i.  150 
Baspberry  seed  oil,  ii.  113 
' Battlesnake  fat,  ii.  545 
Bavison  oil,  ii.  195 
Bay  liver  oil,  ii.  370 
Becovered  black  oil,  iii.  365 
grease,  iii.  369 
Bed  clover  oil,  ii.  121 
Bed  currant  seed  oil,  ii.  789 
Bed  oil,  iii.  174 

Befining  oil,  fats,  and  waxes,  ii.  27 
Befractive  indices  of  fats,  i.  258 
indices  of  fatty  acids,  i.  97 
indices  of  oils,  i.  258 
power  of  fats,  i.  247 
Befractometer,  i.  247 
Abbe’s,  i.  247 
Pulfrich’s,  i.  251 
Zeiss’s,  i.  249 

Befractometric  examination  of  oils,  i.  254 
Beichert  value,  i.  330 
Beichert-Meissl  value,  i.  330 

values  of  oils,  fats,  and  waxes,  i.  335 
Beichert- Wollny  value,  i.  333 


Beicliert’s  distillation  process,  i.  331 
Beindeer  fat,  ii.  724 
Beindeer’s  milk  fat,  ii.  672 
Bemelted  soaps,  iii.  275 
Benard’s  test  for  arachis  oil,  ii.  252 
Beniala  oil,  ii.  424 
Beuovated  butter,  ii.  664 
Besidues  from  distillation  of  glycerin, 
iii.  319 

Besinates,  i.  499 
Bhimba  wax,  ii.  743 
Bice  oil,  ii.  260 
Bicine,  ii.  322 
Bicinelaidic  acid,  i.  167 
Bicinic  acid,  i.  167 
Bicinoleic  acid,  i.'  163 
Bicinolein,  i.  21 

Bicinoleo-sulphuric  acid,  i.  165  ; iii.  159 
Boebuck  fat,  ii.  724 
Boghan,  ii.  89 
Bosin,  i.  492 

detection  of,  i.  500 
determination  of,  i.  501 
greases,  iii.  73 

oil  in  lubricating  oils,  iii.  63 
oils,  i.  486  ; iii.  63 
soaps,  i.  499 
spirit,  i.  486 
Botatory  power,  i.  262 
Bubber  seed  oil,  ii.  106 
Bubber  substitutes,  iii.  149 
Bubsen  oil,  ii.  197 
Bump  gland  wax,  ii.  779 
Bye  seed  oil,  ii.  192 

Sabinic  acid,  ii.  807 
Safflower  oil,  ii.  85 

oil,  polymerised,  iii.  100 
Saffron  in  butter,  ii.  662 
Saffron  oil,  ii.  85 
Saith  liver  oil,  ii.  370 
Salad  oils,  ii.  281  ; iii.  14 
Salicylic  acid  in  butter,  ii.  658 
Salmon  oil,  ii.  347 
Saltpetre  in  butter,  ii.  657 
Salts  of  fatty  acids,  i.  99 
Sampling  of  fats,  i.  209 
Sanguinella  oil,  ii.  241 
Saponification,  i.  53 
aqueous,  iii.  163 
equivalent,  i.  298 
glycerin,  iii.  301 
oleine,  iii.  77,  237 
stearine,  iii.  176 
technical,  iii.  162 

technical,  by  means  of  acids,  i.  59 
iii.  181 

technical,  by  means  of  lime,  i.  76 
iii.  167 

technical,  by  means  of  Twitchell’s  re 
agent,  i.  66  ; iii.  203 
technical,  by  means  of  water,  iii.  163 
value,  i.  296 

values  of  fatty  oils,  i.  302 
values  of  glycerides,  i.  299 
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Saponification  values  of  solid  fats,  i.  306 
values  of  waxes,  i.  307 
Saponified  oleine,  iii.  77,  237 
stearine,  iii.  176 
Saponin,  ii.  262 
Sardel  oil,  ii.  347 
Sardine  oil,  ii.  344 
Sasanqua  oil,  ii.'265 
Sativic  acid,  i.  176 
Saturated  acids,  i.  119 

acids,  determination  of,  i.  449 
acids,  examination  of,  i.  449 
separation  from  unsaturated,  i.  437 
Sawarri  fat,  ii.  455 
Scale,  see  Paraffin  scale 
Scrim  oil,  iii.  145 
process,  iii.  145 
Seal  oil,  ii.  370 
oil,  blown,  iii.  137 
oil  degras,  iii.  354 
Seaweed  wax,  ii.  736  ; iii.  232 
Sebacic  acid,  i.  178 
Secale  oil,  ii.  314 
Sedge  oil,  ii.  332,  797 
Seeds,  oleaginous,  ii  5 
Seek  oil,  iii.  364 
Semi-drying  oils,  i.  3 ; ii.  117 
Senega  root  oil,  ii.  308 
Separation  of  saturated  from  unsaturated 
acids,  i.  437 
Service  berry  oil,  ii.  107 
Sesame  oil,  ii.  167 
Sesamin,  ii.  175 
Sesamol,  ii.  178 
Sewage  fats,  iii.  366 

Shark  liver  oil  (Arctic  and  Japan),  ii.  370 
liver  oil  degras,  iii.  354 
Shea  butter,  ii.  432 
gutta,  ii.  436 
nut  oil,  ii.  435 
Sheep’s  foot  oil,  ii.  398 
milk  fat,  ii.  672 
Ship’s  fat,  iii.  344 
grease,  iii.  344 

Ships’  bottoms  paint,  iii.  299 
Sierra  Leone  butter,  ii.  540 
Silk  cotton  tree,  ii.  141 
Silver  nitrate  test,  ii.  164 
Sinapol,  ii.  213 
Sitosterol,  i.  204 
Sitosteryl  acetate,  i.  206 
benzoate,  i.  207 
butyrate,  i.  207 
formate,  i.  206 
propionate,  i.  207 
Skate  liver  oil,  ii.  370 
Skin  grease,  iii.  346 
Skunk  fat,  ii.  724 
Slaughter-house  greases,  iii.  344 
Small  fennel  oil,  ii.  223 
Soap,  benzine,  iii.  285 
carbolic,  iii.  295 
cold,  iii.  250 
curd,  iii.  252 
disinfecting,  iii.  283 


Soap,  dry,  iii.  283 
dry-cleaning,  iii.  285 
emulsions,  iii.  285 
filled,  iii.  275 
fitted,  iii.  274 
floating,  iii.  283 
genuine,  ii.  272 
hard,  i.  109  ; iii.  249 
hydrolysis  of,  i.  101 
insoluble,  iii.  298 
liquid,  iii.  280 
marine,  ii.  495 
medicated,  iii.  285 
metallic,  i.  113  ; iii.  298 
milled,  iii.  276 
mottled,  iii.  273 
naphthenic,  iii.  286 
potash,  i.  109  ; iii.  277 
powders,  iii.  283 
remelted,  iii.  275 
rosin,  i.  499 
run,  iii.  283 
scouring,  iii.  283 
semi-boiled,  iii.  274 
settled,  iii.  272 
silver,  iii.  281 
soda,  i.  109  ; iii.  249 
soft,  i.  109  ; iii.  277 
superfatted,  iii.  292 
textile,  iii.  283 

toilet,  iii.  276  , 

transparent,  iii.  277 
tree  oil,  ii.  332 
water-insoluble,  iii.  298 
waterproofing,  iii.  299 
Soap-making  by  boiling  process,  iii.  251 
by  cold  process,  iii.  250 
by  double  decomposition,  iii.  270 
from  fatty  acids,  iii.  266 
Soaps,  i.  101 
ammonia,  i.  101 
Soapstock  fatty  acids,  iii.  240 
Sod  oil,  iii.  351 
Softening,  iii.  285 
Soja  bean  oil,  ii.  122 
Sojasterol,  ii.  124 
Solid  fats,  ii.  407 
linseed  oil,  iii.  143 
lubricants,  iii.  50,  73 
oleic  acid,  i.  149 
saturated  acids,  i.  449 
unsaponified  substances,  i.  485 
waxes,  ii.  736 
Solidified  oils,  iii.  73 

Solidifying  points,  determination  of,  i.  239 
points  of  fats  and  waxes,  i.  239 
points  of  fatty  acids  from  fats  and  waxes, 
i.  405 

points  of  mixed  fatty  acids,  i.  409 
points  of  oils,  i.  246 
Solubility  of  fatty  acids,  i.  97 
of  oils  and  fats,  i.  280 
of  solid  fats,  i.  288 
Soluble  castor  oil,  iii.  131 
fatty  acids,  i.  433 
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Soluble  neoline,  iii.  87 
volatile  fatty  acids,  i.  433 
Sorghum  oil,  ii.  190 
Soudan  coffee,  ii.  413 
Soxhlet’s  extractor,  i.  213 
Soy-bean  oil,  ii.  122 

Specific  gravities  of  fats  and  waxes,  i.  234 
gravities  of  oils,  i.  234 
gravity,  determination  of,  i.  225 
temperature  reaction,  i.  391 
Spectroscopic  examination,  i.  265 
Sperm  candles,  iii.. 335 
oil,  ii.  724- 
oil,  blown,  iii.  137 
Spermaceti,  ji.  779 
candles,  ii.  335 
Spice  bush  seed  oil,  ii.  332 
Spindle  tree  oil,  ii.  192,  793 
Spontaneous  combustion,  iii.  79 
Sprat  oil,  ii.  347 
Sprungwachs,  iii.  225 
Staff  tree  oil,  ii.  274 
Stag  fat,  ii.  722 
Starch,  detection  of,  i.  212 
Starling  fat,  ii.  724 
Stauffer’s  lubricants,  iii.  74 
Steapsin,  i.  37 

saponification  by  means  of,  i.  73 
Stearate,  amyl,  i.  19 
glyceryl,  i.  4 
Stearates,  i.  130 
Stearic  acid,  i.  129 

acid,  commercial,  iii.  162 
acid,  determination  of,  i.  450 
acid,  separation  from  oleic  acid,  i.  437 
Stearin,  i.  19 
Stearine,  iii.  162 

candles,  iii.  162  \ 

cocoa  nut,  ii.  516 

cotton  seed,  ii.  156 

distilled,  iii.  206 

distilled  grease,  ii.  642  ; iii.  375 

fish,  ii.  349 ; iii.  371 

from  cotton  seed  foots,  iii.  343 

lard,  ii.  615 

mixed,  and  mineral  wax  candles,  iii.  208 
palm  nut,  ii.  504 
pitch,  iii.  205 
Stearodilaurin,  i.  24 
Stearodipalmitin,  i.  25 
Stearolactone,  i.  172 
determination  of,  i.  422 
in  candle  material,  iii.  196 
Stearolic  acid,  i.  153 
Stearopalmitoolein,  i.  26 
Sterculia  oil,  ii.  309 

oil,  polymerised,  iii.  102 
kernels,  ii.  309 
Stickleback  oil,  ii.  347 
Stigmasterol,  i.  207 
Stigmasteryl  acetate,  i.  207 
benzoate,  i.  208 
propionate,  i.  207 
Still  residues,  iii.  319 
returns,  iii.  179 


Stillingia  oil,  ii.  70 
Strawberry  seed  oil,  ii.  113,  788 
Strophantus  seed  oil,  ii.  307 
Stuffing  greases,  iii.  361 
Sturgeon  oil,  ii.  347 
Suberic  acid,  i.  178 
Suet,  ii.  628';  iii.  17 
substitutes,  iii.  17 
Sugar-cane  wax,  ii.  736  ; iii.  335 
Sugar  in  soaps,  iii.  295 
Sulphocarbon  oils,  ii.  282 
Sulpholeates,  iii.  161 
Sulphonated  oils,  iii.  154 
Sul phohydroxy stearic  acid,  iii.  191 
Sulphur,  action  on  fats,  i.  46 
chloride  test,  i.  371 
chloride  in  examination  of  lard,  ii.  597 
chloride  thermal  test,  i.  393 
detection  of,  in  fats,  i.  219 
determination  of,  in  fats,  i.  220 
Sulphuric  acid,  action  on  fats,  i.  47 
acid  colour  test,  i.  401 
acid  Maumene  test,  i.  384 
acid  saponification,  i.  59  ; iii.  181 
Sulphurised  fatty  acids,  iii.  246 
oils  and  fats,  iii.  93 
Sunfish  oil,  ii.  347 
Sunflower  oil,  ii.  103 
Suntei  tallow,  ii.  471 
Superoxidised  oil,  iii.  149 
Surin  fat,  ii.  470 
Swallow-wort  oil,  ii.  120 
Sweet  oils,  iii.  14 
Sylvie  acid,  i.  498 
Synthetical  fats,  iii.  1 

Tacamahac  fat,  ii.  300 
Tallow,  ii.  627 
balam,  ii.  471 
bay  berry,  ii.  531 
beef,  ii.  627,  634 
Borneo,  ii.  491 
Chinese  vegetable,  ii.  483 
fish,  ii.  371 
goat’s,  ii.  642 
Japan,  ii.  526 
labreu,  ii.  540 
mafura,  ii.  455 
Malabar,  ii.  473 
mutton,  ii.  627,  642 
njatuo,  ii.  471 
piney,  ii.  473 
rambutan,  ii.  473 
suntei,  ii.  471 
undung,  ii.  540 
veal,  see  Veal  tallow 
vegetable,  ii.  483 
whale,  ii.  378 
Tallow  candles,  iii.  206 
oil,  ii.  634 
seed  oil,  ii.  70 
titer,  ii.  641 
Tamarind  oil,  ii.  192 
Tankage,  iii.  344 
Tangkallah  fat,  ii.  535 


INDEX 


405 


Tsubaki  oil,  ii.  264 
Tuberculosis  bacilli  wax,  ii.  784 
Tucuni  oil,  ii.  438 
Tung  oil,  ii.  60 

oil,  polymerised,  iii.  98 
Tunny  fish  liver  oil,  ii.  370 
Turkey  fat,  ii.  724 
Turkey-red  oil,  i.  154 
Turkey-red  oils,  iii.  154 

oils,  detection  of  iron  in,  i.  219 
Turmeric  in  butter,  ii.  661 
Turpentine  oil,  iii.  119 
Turtle  oil,  ii’.  384 
Twitchell’s  reagent,  i.  66 

process  of  saponification,  iii.  203 

Ucuhuba  fat,  ii.  466 
Umbellulic  acid,  i.  123 
Undung  tallow,  ii.  540 
Ungnadia  oil,  ii.  304 
Ungueko  oil,  ii.  117 
Unknown  fatty  acids,  i.  469 
Unsaponiliable,  definition  of,  i.  363 
determination  of,  i.  364 
examination  of,  i.  470 
in  fats,  i.  29,  470  „ 

in  waxes,  i.  86,  477 
substances,  liquid,  i.  485 
substances,  solid,  i.  477 
Urucaba  fat,  ii.  466 


Tangkallak  fat,  ii.  535 
Tangkawang  fat,  ii.  491 
Tanked  oil,  ii.  48 
Tar  oils,  i.  478  ; iii.  65 
Tariric  acid,  i.  155 
Taste  of  fats,  i.  507 
Tea  seed  oil,  ii.  262 
Teel  oil,  ii.  167 
Telfairic  acid,  i.  155 
Temperature  reaction,  i.  391. 
Terebene,  iii.  107 
Terminalia  oil,  ii.  798 
Terrestrial  animal  oils,  ii.  392 
Tetrahydroxystearic  acid,  i.  176 
Textile- soaps,  iii.  283 
Theobromic  acid,  i.  92  ; ii.  478 
Therapic  acid,  i.  162 
Thermal  tests,  i.  384 
tests  with  bromine,  i.  396 
tests  with  sulphuric  acid,  i.  384  • 
tests  with  sulphur  chloride,  i.  393 
Thermelseometer,  i.  389 
Thermo-regulator,  i.  215 
Thermostat,  i.  252,  254 
Thickened  oils,  iii.  131 
Thistle  seed  oils,  ii.  91 
Tiglic  acid,  i,  138 
Tigliceric  acid,  ii.  172 
Titer  test,  i.  405 

test  of  mixed  fatty  acids,  i.  409 
Toadstool  oil,  ii.  332 
Tobacco  seed  oil,  ii.  116 
Toluidides  of  fatty  acids,  i.  117 
Tomato  seed  oil,  ii.  192,  794 
Tonka  butter,  ii.  525 
Touloucouna  oil,  ii.  417 
Tournant  oil,  ii.  282 
Tovote  greases,  iii.  74 
Train  oil,  ii.  376 
Triacetin,  i.  16 
Triacetyldiglycerol,  iii.  2 
Triarachin,  i.  19 
Tribrassidin,  i.  21 
Tributyrin,  i.  16 
Tricaprin,  i.  17 
Tricaproin,  i.  17 
Tricaprylin,  i.  17 
Tricerotin,  i.  20 
Trielaidin,  i.  21 
Trierucin,  i.  21 
Triformin,  i.  16 
Triglycerides,  i.  12 
mixed,  i.  22 
simple,  i.  16 

Trihydroxystearic  acid,  i.  176 
Trilaurin,  i.  18 
Trimelissin,  i.  20 
Trimyristin,  i.  18 
Triolein,  i.  20 
Triolein  ozonide,  i.  20 
Tripalmitin,  i.  18 
Triricin olein,  i.  21 
Tristearin,  i.  19 
Trivalerin,  i.  17 
Troppeolum  oil,  ii.  312 


Valenta’s  test  for  rosin  oils,  iii.  64 
test  for  fatty  oils,  i.  284 
Valeric  acid,  i.  121 
Valerin,  i.  17 
Variables,  i.  345 
Varnishes,  iii.  115 
Varnishes,  lithographic,  iii.  95 
oil,  iii.  115 
wax,  ii.  740 
Vaseline  bricks,  iii.  73 
Veal  tallow,  i.  287 
Veepa  oil,  ii.  426 
Vegaline,  iii.  37 

Vegetable  butter,  ii.  516;  iii.  37 
fats,  i.  4 ; ii.  407 
oils,  i.  3 

oils,  distinction  between,  and  animal 
oils,  i.  471 
tallow,  ii.  483 
waxes,  ii.  736 
Vegetaline,  iii.  38 
Veppam  fat,  ii.  426 
Virola  fat,  ii.  464 
Viscosimeters,  i.  268 
Viscosimetric  examination,  i.  266 
Viscosity,  i.  266 
of  fatty  acids,  i.  98 
Vitello,  iii.  24 
Volatile  fatty  acids,  i.  430 
fatty  acids,  insoluble,  i.  435 
fatty  acids,  soluble,  i.  433 
fatty  acids,  examination  of,  i.  432 
Volatility  test,  iii.  71 
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Volenite,  iii.  153 
Vulcanised  oils,  iii.  149 

Walnut  oil,  ii.  81 
Washing  powders,  iii.  283 
Waste  fats,  iii.  340,  344 

greases  from  leather,  iii.  363 
oils,  iii.  340 
waxes,  iii.  369 

Water,  estimation  in  fats,  i.  210 
in  butter,  ii.  651 
Water  melon  oil,  ii.  126 
Waterproofing  soaps,  iii.  299 
Wax  candles,  iii.  335 
definition  of,  i.  2 
emulsions,  iii.  339 
oil,  ii.  97 
polishes,  iii.  338 
Wax,  Afridi,  ii.  89 
bees,  i.  527  ; ii.  751 
bumble  bee,  ii.  786 
carnaiiba,  ii.  736 
ceroplastes  ceriferus,  ii.  786 
ceroplastes  rubeus,  ii.  786 
Chinese,  ii.  782 
cicade,  ii.  756 
Cochin  China,  ii.  539 
cochineal,  ii.  786 
cotton  seed,  ii.  736 
curcas,  ii.  742 
flax,  ii.  740 
getah,  ii.  741 
gondang,  ii.  741 
insect,  ii.  782 
Japan,  ii.  526 
laurel,  ii.  5.31 
lignite,  ii.  736  ; iii.  231 
Madagascar  Rhimba,  ii.  743 
marble,  iii.  223 
montan,  ii.  736  ; iii.  231 
myrtle,  ii.  531 
ocotilla,  ii.  743 
ocuba,  ii.  465 
opium,  ii.  736 
otoba,  ii.  464 
palm,  ii.  742 
paraffin,  iii.  209 
peat,  ii.  736  ; iii.  233 
pisang,  ii.  742 
psylla,  ii.  784 
Raphia,  ii.  743 
rhimba,  ii.  743 
rump  gland,  ii.  779 
seaweed,  ii.  736  ; iii.  232 
sugar  cane,  ii.  736 


Wax,  tuberculosis  bacilli,  ii.  782 
varnishes,  ii.  740 
wool,  ii.  744  ; iii.  373 
Waxes,  animal,  ii.  743 

chemical  constitution  of,  i.  48 
commercial  preparation  of,  ii.  27 
liquid,  ii.  724  ; iii.  48 
mineral,  iii.  208 
properties  of,  i.  50 
saponification  of,  i.  85 
saponification  value  of,  i.  301 
solid,  ii.  736 
technology  of,  iii.  334 
vegetable,  ii.  736 
waste,  iii.  369 
Weld  seed  oil,  ii.  116 
Whale  bone  oil,  ii.  378 
grease,  iii.  349 
oil,  ii.  376 
' oil  degras,  iii.  354 
tallow,  ii.  378 
Wheat  oil,  ii.  136 
meal  oil,  ii.  240 
White  acacia  oil,  ii.  72 
White  clover  oil,  ii.  121 
White  dammar  of  South  India,  ii.  473 
White  mustard  seed  oil,  ii.  216 
White  rubber  substitutes,  iii.  149 
Whiting  oil,  ii.  347 
Whiting  liver  oil,  ii.  370 
Wicks,  candle,  iii.  234 
Wild  boar  fat,  ii.  565 
cat  fat,  ii.  724 
duck  fat,  ii.  546 
goose  fat,  ii.  555 
mango  oil,  ii.  534 
olive  fat,  ii.  540 
rabbit  fat,  ii.  552 
Winter  oil,  iii.  14 
Wool  fat,  iii.  369 
fat  pitch,  iii.  379 
grease,  ii.  744  ; iii.  369 
wax,  iii.  373 
wax  fatty  acids,  iii.  375 
Wool  grease  in  soaps,  iii.  292 
oils,  iii.  77 
wax,  ii.  744 

Yellow  acacia  oil,  ii.  105 
Yorkshire  grease,  iii.  371 


Zachun  oil,  ii.  185 

Zinc  chloride,  action  on  castor  oil,  iii.  102 
chloride,  action  on  oleic  acid,  iii.  189 


EKRATA  IN  VOL.  II 


Page  284,  line  10  from  bottom,  for  7,600  read  76,600. 

,,  514,  lines  1 and  2 from  bottom,  for  110,352,751  and  104,207,947 
read  102,975,000  and  94,360,000. 

,,  630,  line  6 from  top,  for  1,780,000  read  17,800,000. 

,,  811,  column  2,  line  4 from  top,  for  Melliccoca  read  Mellicocca. 


ERRATA  IN  VOL.  Ill 

Page  145,  line  3 from  top,  for  two  read  three. 

,,  149  ,,  13  ,,  for  Gomme  factice  read  Caoutchoucs  factices. 

,,  273  ,,  4 from  bottom,  for  58  read  57. 

„ 274  ,,  4 „ for  Savon  cuit  read  Savon  mi-cuit. 


THE  END 
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